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Storrs B. Barrett 


By WILLIAM W. MORGAN 


Storrs Barrows Barrett, who for thirty years was a member of the 
staff of the Yerkes Observatory, died in St. Petersburg, Florida, on 
November 25, 1937. He was the last of the early group of astronomers 
whose careers were pursued principally at Yerkes, and his death marks 
the end of an astronomical generation at the Observatory. 

He was born on August 12, 1864, to Amos Judson Barrett and Emily 
Barrows Barrett at Kingsville, Ohio, where his father held the position 
of co-principal of the Kingsville Academy. His father had attended the 
University of Rochester at the cost of considerable privation and was a 
member of the first class graduated from that institution in 1854. He 
married Emily Barrows in 1860 and became the principal of Kingsville 
Academy. 

The family moved to Lowville, New York, in 1868 where the father, 
Judson Barrett, became principal of the Lowville Academy. Here Storrs 
attended school which consisted of terms of three months in the summer 
and four months in the winter ; this arrangement allowed the students to 
do spring and fall work on the farms. Three years later the family 
moved to Rochester, New York, where the Reverend Judson Barrett 
later became minister of the Lake Avenue Baptist Church. Storrs Bar- 
rett attended the University of Rochester and was graduated with the 
degree of Bachelor of Arts in 1889. During the next two years he was 
principal of Middlebury Academy in Wyoming, New York; for the fol- 
lowing year he was a teacher of science in the high school at Palmyra, 
New York. 

Feeling the need for further study, he entered the University of Chi- 
cago as a graduate student in 1892 at the age of twenty-eight. He had 
planned to specialize in geology, but, as a result of assisting Dr. Hale 
with the spectroheliograph at the Kenwood Observatory, his interests 
turned toward astronomy. He held a fellowship at the University of 
Chicago from 1893 to 1895. In 1893 he accompanied Professor Hale 
to Williams Bay, Wisconsin, to assist in the selection of a site for the 
Yerkes Observatory. 

In July, 1900, he became a member of the staff of the Yerkes Ob- 
servatory ; his time was divided between the duties of secretary and 
librarian and solar observation with the Rumford spectroheliograph. 
Later he took part in the stellar spectrographic program and discovered 
a number of new spectroscopic binaries among the early-type stars. He 
was joint author of two important contributions on the radial velocities 
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of the brighter stars of types B and A, and took part regularly in the 
routine observing program until 1928. He was given the honorary de- 
gree of Sc.D. in 1924 by the University of Rochester. In 1930 he re- 
tired from his position of associate professor of astrophysics and lived 
quietly in Williams Bay for the greater part of the time until the autumn 
of 1937. 

He had suffered intermittently from a stomach ailment for a number 
of years and his health began definitely to fail during the summer of 
1937. During a period of temporary improvement he and Mrs. Barrett 
travelled by car to Florida; on his arrival at St. Petersburg he became 
seriously ill and died on Thanksgiving Day. 

In 1898 he married Ida Clark of Conneaut, Ohio. To them were born 
three daughters and a son; the latter died in infancy. Professor Barrett 
is survived by his widow, three daughters, and two grandchildren. Two 
older sisters, Helen Barrett Montgomery and Anne Barrett Hughes had 
died earlier. 

The preceding outline is a good example of the failure of dates and 
events in revealing the real personality and distinction of a man. For 
an understanding of these it is necessary to piece together bits of evi- 
dence of various sorts,—in particular, his effect on persons who have 
known him. 

Consider a man, close to thirty years of age, who, after making sev- 
eral trials, has become convinced that further formal training is neces- 
sary before he can satisfy his desire of devoting himself to a career of 
scientific research. As he is quite without funds it is necessary for him 
to support himself while studying (his average weekly expenditure in 
Chicago was $1.25) and to compete with younger men who have moved 
directly from the undergraduate curriculum to graduate study. Also 
consider this man, at the age of thirty-six, obtaining his first research 
position—a combination of secretary and scientific assistant—and being 
of necessity placed in competition with men years younger and far bet- 
ter trained than himself. He is conscientious—so conscientious that he 
completes routine duties before satisfying his own desire for research. 
In the years which follow, the routine duties increase and demand more 
and more time at the expense of other things. There is no complaint— 
only an attempt to do well the many rather thankless tasks which are 
necessary in any organization. 

Professor Barrett began observing with the Bruce spectrograph on 
May 10, 1904, and for twenty-three years thereafter (except for short 
breaks due to illness) took a regular turn in observing with that instru- 
ment. After 1909 Professor Frost observed only occasionally and in the 
eleven years following that date the observing of Professor Barrett 
formed the backbone of the spectrographic program. Of the five thou- 
sand plates taken between 1907 and 1920 he obtained almost half; the 
remainder is divided among more than a score of observers. 

His duties as secretary and librarian increased through the years; 
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after 1920, due to Professor Frost's approaching blindness, his office 
day was completely taken up by non-scientific observatory business. A 
rather tragic story is told of how, after the director had gone home at 
five o'clock in the afternoon, his quick step and cheery, under-the-breath 
whistle would be heard as he removed several spectrograms from the 
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file and hurried into his “den” (a tiny room opening into the library) to 
try to measure a plate or so before dinner. After his retirement a very 
large number of partially-reduced measuring sheets were found in this 
office and the frequent annotations on the observing cards bear witness 
to his quickness in detecting the unusual and to his interest in spectro- 
scopic problems. He would certainly have accomplished far more had 
he been less unselfish. But because of that very unselfishness he filled a 
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place that had to be filled and influenced more persons than ever will be 
guessed at. 

It is to be doubted that there is any one who has spent time at the 
Yerkes Observatory who does not have reason to be grateful to him. 
In one case a young astronomer had spent a considerable amount of time 
fruitlessly in attempting to make something out of a series of measures 
of a refractory spectroscopic binary. The data looked hopeless and the 
student was in danger of becoming permanently discouraged. Professor 
Barrett was working on another spectroscopic binary at the time. He 
had taken a number of spectrograms, had measured them, determined 
the period of revolution and obtained the velocity curve. This material 
he cheerfully turned over to the student; Mr. Barrett was not even a 
joint author of the ensuing paper. A large percentage of the spectro- 
scopic results published by the Yerkes Observatory during the past 
twenty-five years were derived from plates obtained by him. 

His services outside the observatory were many. He was largely re- 
sponsible for the construction of the Williams Bay High School and for 
its becoming a model small-town high school. He served many terms 
on the school board and the county board and was the first president of 
the village of Williams Bay. Although never wealthy he assisted many 
in difficulties and became a sort of father to the whole community. He 
filled an important place in astronomy and in his neighborhood ; there is 
no one to take that place. 

WittiAMs Bay, WISsconsIN, JANUARY, 1938. 





Ocean Currents 
By WILLIAM A. LUBY 


1. The writer published an article “On the Cause of Jupiter’s Belts” in 
PopuLar Astronomy for November, 1929, which presented the dynami- 
cal and observational evidence supporting precessional action of the sun 
on Jupiter as the cause. In another article in the Astronomical Journal 
for August, 1930, he presented similar evidence to show that the peculiar 
rotation of the sun’s surface and the sun’s spots were due mainly to the 
precessional action of Jupiter and the other major planets on the sun. 
Vague belts have been discovered recently on Uranus and Neptune. 
Venus also in ultraviolet light shows belts presumably parallel to the 
planet’s equator. This paper considers certain additional phenomena of 
ocean currents which appear to have at least partly a precessional origin. 

2. At the equator the sun’s surface rotates in 24.65 days. In latitude 
30° it rotates in 26.65 days, near the poles in 34 days, the time of rota- 
tion increasing with the latitude. A summary of the dynamical evidence 
which shows that this peculiar motion of the sun’s surface is due to the 
precessional action of Jupiter on the sun can be given briefly as follows: 
Poincaré proved that a fluid ellipsoid would precess like a rigid body 
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provided the period of revolution of the disturbing body divided by the 
period of rotation of the disturbed body is large compared to (a?+-c?) + 
(a2—c?) of the disturbed body. (Lamb, Hydromechanics, pages 677- 
680.) This condition does not hold even for Neptune and the sun since 
the ratio is of the order of 7 to 1, while for Jupiter and the sun it is 2 to 
1. Moreover, the sun is not Auid but gaseous and the outer envelopes 
of Jupiter and Saturn are gaseous also. It may, therefore, be safely 
concluded that the precessional action of any planet on the sun does not 
cause any conical motion of the sun’s axis. The precessional couple of 
Jupiter on the sun is of the order 6.4 < 10*° mile-tons ; that is 6.4 x 10*° 
tons acting at the ends of an arm one mile long. The precessional couple 
of Venus is three-fifths of this number and that of the earth is one-half 
of it. What effects do these prodigious forces produce on the sun? Only 
two possible results are discernible: the peculiar rotation of the sun’s 
surface and the sun’s spots. Planetary precessional action on the sun 
takes one of these forms or both of them. There appears to be no escape 
from this conclusion. 

3. The magnitude of the precessional couple of the sun on Jupiter 
lies somewhere between a minimum of 35 trillion tons acting at the ends 
of an arm equal to the planet’s mean radius and a maximum value pos- 
sibly 20 times as great. Poincaré’s test ratio here is about 700 to 1 but 
this is for a Auid ellipsoid. A greater test ratio would be required for a 
gaseous ellipsoid than for a fluid one. Conical motion of Jupiter’s axis 
would either not exist at all or be far less in amount than that for a solid 
planet. Only one other outlet for precessional forces acting on Jupiter 
remains and that is the peculiar rotation of the planet’s surface. More- 
over, friction would long ago have destroyed these rotational differences 
unless some constantly acting force maintained them. No other force 
than precessional action of the sun on Jupiter is discernible. What holds 
for Jupiter in this respect holds also for Saturn. Speaking of the 
peculiar rotation of the sun, Jupiter, and Saturn, Moulton says: “It 
can hardly be supposed that the three are coincidences” (Introduction to 
Astronomy, First Revised Edition, page 293). 

Five belted planets have been observed and the peculiar rotation of 
the sun is a sixth instance of the effects of precessional action. The pro- 
found disturbance and violent motions on Jupiter must entail great ener- 
gy losses by friction. 

With respect to the sun, Miss Clerke says: “The originating cause 
of the sun’s rotational anomalies whatever it may have been continues to 
act. In a globe so profoundly disturbed they could not have survived 
by themselves” (Problems of Astrophysics, page 149). 


4. An important question has been asked: Why does not the preces- 
sional action of the sun and the moon on the waters of the ocean produce 
motions similar to those on Jupiter and the sun? 

The question is pertinent since the equatorial belt of the earth is 
partly solid matter and partly fluid. Suppose the earth consisted of a 
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rigid spherical core about 7900 miles in diameter covered by an ocean 
14 miles deep at the equator and consequently one mile deep at the poles. 
Then the entire equatorial belt would be liquid and the precessional 
couples of the moon and the sun would not cause conical motion of the 
sarth’s axis (Lamb, Hydrodynamics, page 677). They would, how- 
ever, disturb the ocean as they disturb the surfaces of Jupiter, Saturn, 
and the sun and we would expect the ocean to move eastward most 
rapidly at the equator and more slowly with increasing latitude. The 
earth, however, is not covered with water and its equatorial belt is only 
part water. Moreover, the continents lie as a double barrier to the east- 
ward flow of the ocean. Nevertheless, in the Antarctic region where the 
Ocean is open the Antarctic current flows eastward through the broad 
strait between Cape Horn and Antarctica. It continues eastward far 
south of the Cape of Good Hope and Australia. Here in the one region 
which is free of land barriers the ocean current flows eastward around 
the world in agreement with like motions on Jupiter, Saturn, and the 
sun. 

There is also a fact concerning the mean ocean level at Panama which 
up to the present is unexplained and which seems to be in harmony with 
the foregoing. The mean level of the ocean at the enrance to the Pana- 
ma Canal on the Pacific side is 0.7 of a foot higher than the mean level 
on the Atlantic side. Suppose for a moment that this phenomenon is 
the result of the precessional action of the moon on the waters of the 
Pacific ocean. Then if the Panama land barrier were removed a current 
from the Pacific to the Atlantic would exist. At least this mean differ- 
ence in sea level is in harmony with precessional action. The point wil! 
not be insisted on, however, as direct observational evidence is available. 

Precessional action of the sun on the ocean seems to be masked by the 
temperature change from winter to summer. Precessional action by the 
moon on the waters of the Gulf Stream, however, appears to be clearly 
attested. Lieutenant (later Rear-Admiral) J. E. Pillsbury, U.S.N., while 
attached to the United States Coast and Geodetic Survey published in 
the Report of the Survey for 1893 the results of four years of observa- 
tions and measurements of the Gulf Stream. He calculated the rate of 
flow of the Gulf Stream and found that twenty-one cubic miles of water 
pass through the Florida Straits every hour. Moreover, he found a 
monthly variation in the flow dependent on the declination of the moon. 

Pillsbury says: “Following the changes in the declination of the 
moon, the velocity of the stream at a given point is accelerated or dimin- 
ished, but while it is running faster at one place, at another it is running 
slower” (page 541). 

After many pages devoted to the evidence for this variation he con- 
tinues: “It seems therefore abundantly proved that this monthly varia- 
tion in the Straits of Florida consists of an expansion at high declina- 
tion followed by contraction and increased localized speed at low declin- 
ation” (page 546). 
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The conclusion that precessional action of the moon on the waters of 
the ocean is reflected in the motion of the Gulf Stream seems to be un- 
avoidable. 

Why has not this work of Pillsbury received the attention it merits? 
The answer apparently is that oceanographers are satisfie’ that the driv- 
ing forces behind the motion of the ocean’s currents are: (a) the dif- 
ference in temperature of the ocean at the equator and at the poles, (b) 
the difference in density of hot water and cold, (c) wind friction on the 
ocean’s surface. In addition the direction of motion is modified by coast 
lines and the effect of the earth’s rotation on water which is moving 
from a higher to a lower latitude or vice versa. 

5. A deeper question exists regarding the direction of the air cur- 
rents. Why, for example, do they blow westward near the equator and 
eastward in high latitudes ? Do convection and the earth’s rotation give 
a complete explanation of the westerlies which prevail in high latitudes 
and of the trade winds? May not the ocean of air surrounding the 
earth which weigh 10*° tons be itself subject to precessional forces and, 
at higher levels in and above the troposphere, move as does the gaseous 
envelope of Jupiter? Half the earth’s atmosphere is above three miles. 
The temperature above 7 miles in the stratosphere is uniform and up to 
22 miles is about —55° C. Air currents flowing eastward in the stratos- 
phere appear to require westward flowing currents at lower levels. To 
an outsider the earth may appear a belted planet as was suggested for 
other reasons by Clayden in 1909. 

On the sun, differences in temperature between the equator and the 
poles can not be operative as on the earth. Hence eastward motion in 
the sun’s atmosphere should be as described in the following passage by 
Fernando Sanford: 

“Thus the high-level hydrogen clouds in equatorial regions are moving 
with a rotational speed of 15 degrees a day, while in the reversing layer 
at lower levels they are moving 14.2 degrees a day, a difference in speed 
of over 6000 miles a day. Accordingly, not only is there a shorter period 
of rotation of the visible surface of the sun in equatorial than in polar 
regions, but the higher the solar gases extend above the photosphere the 
shorter their period of rotation” (Publications Astron. Soc. of the Paci- 
fic, December, 1937, page 331). 

6. Returning to Jupiter and the violent motions of its surface, it is 
certain that work is being done. This means energy losses by friction. 
Some of this loss in energy comes from the planet’s rotational energy. 

All this has an important bearing on the discrepancy in the moon’s 
orbital motion. The discrepancy itself is best understood by an illustra- 
tion. If the moon’s position were accurately observed at a precise in- 
stant tonight and upon these observations its place at some future time 
were then calculated with all modern refinements, it would appear at 
that future time ahead of the predicted place. If, however, certain 


arbitrary corrections are made in the calculated place the prediction can 
be made accurate. 
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The simplest explanation of this phenomenon is to suppose that the 
rate of rotation of the earth is diminishing. That means our unit of 
time would be increasing and the moon would thus appear to travel far- 
ther in a given interval. Astronomers first turned to tidal friction as a 
possible cause of the lengthening of the day. Investigation, however, 
has disclosed that the diminution of the earth’s rate of rotation from 
tidal friction is so small that it can not account for the peculiarity of the 
motion of the moon referred to. It may be added that no satisfactory 
explanation has yet been found. 

The enormous flow of the Gulf Stream gives some conception of the 
total volume of water moving in the warm and cold currents of the 
oceans. The frictional losses which their motion entails appear to be in- 
comparably greater than those due to tidal friction. This frictional loss 
is an energy loss. If, as seems established, precessional action of the 
sun and moon is partly, probably very largely, responsible for the ocean 
currents (and probably the air currents) a considerable amount of en- 
ergy is ultimately subtracted from the energy of the earth’s rotation. 
Here it seems is the place to look for the small outstanding discrepancy 
in the moon’s mean motion. 

Avcust, 1937. 





Finding the Time by the Stars 


By G. B. BLAIR - 


Various systems have been devised for estimating time by the posi- 
tions of certain groups of stars, usually some of the stars in the circum- 
polar region. 

A simple device in which a movable metal arm, turning over a gradu- 
ated circle, when placed parallel to the pointers of the Big Dipper, indi- 
cates the time of night, has recently been perfected. This star time-finder 
is merely a modification of the nocturnal which was in use for finding 
the time of night as early as 1795. 

The nocturnal, represented by Figure 1, is a disc of stiff cardboard 
about ten inches in diameter. The edge of the disc is divided into 24 
parts by heavy lines, or graduations. The line regarded as the top of the 
disc is marked September 7 and the second line from this, in a counter- 
clockwise direction, is marked October 7. The fourth line is marked 
November 7, the sixth line, December 7, the eighth line, January 6, the 
tenth line, February 6, and the twelfth line, March 8. Alternate lines 
thereafter are labeled as follows: April 7, May 7, June 7, July 7, and 
August 7. Also, beginning with September 7, the successive lines in a 
counter-clockwise direction are marked from 0 to 24. The disc has a 
hole in its center a trifle less than a half an inch in diameter. 

To use the nocturnal: place the thumb and first finger of the left hand 
on December 7 and those of the right hand on June 7. This may be 
done in a lighted room. Carry the nocturnal to a position where the point- 
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ers and the north star may be seen. Hold the disc with September 7 at 
the top (thumbs horizontally opposite each other) so that the pole star is 
seen through the hole in the center with the disc face at right angles to 
the line from the eye to the star. Now adjust the distance of the disc 
from the eye unti] the inside pointer, a Ursae Majoris, is just at the edge 
of the disc. Run the thumb and first finger of one hand around the edge 
of the disc to the point where a Ursae Majoris touches it. The nocturnal 
may now be taken to a light for the purpose of reading off the number 
of hours and tenths of hours between the positions on the disc corres- 
ponding to the date of observation and the position of the pointers. Read 
counter-clockwise, in the direction of increasing numbers, from the date 
position to the position of the pointers. This gives the number of hours 
which have elapsed since noon. 


1 swt7 25 


24 — 


The Nocturnal “i 


Ficure 1 


The directions for using the nocturnal will always be available if they 
are lettered on the front of the disc. 

If the observer wishes to estimate the time of night without the use of 
any device whatever, he may employ the following plan which is modi- 
fied by the writer from that suggested by the Reverend M. Davidson in 
Knowledge for December, 1910. Imagine the pole star as the center of 
a clock dial in the sky marked 12 noon at the top and 12 midnight at the 
bottom. The west point will then represent 6:00 p.m. and the east point 
6:004.m. An imaginary hour hand extends from the pole star to Alpha 
Cassiopeiae. To those who are accustomed to regard the bright stars in 
Cassiopeia as forming a chair, Alpha is the bottom of the back leg of the 
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chair. The hour hand makes one revolution on the clock dial in a coun- 
ter-clockwise direction every twenty-four hours. Its position at any 
time of night gives the time correctly for March 31. For a later date in 
the year read the position of the hour hand just as for March 31 and 
then subtract two hours for every even month, and four minutes for ev- 
ery extra day, that the date of observation is later than March 31. The 
first even month may be regarded as falling on May 1, the second even 
month on June 1, etc. 

Since the amount of correction per month and per day is not exactly 
right, somewhat more accurate corrections may be obtained for any date 
less than six months before March 31 by figuring the months and days 
backward from March 31 and adding the correction. In actual practice 
this is scarcely worth while, as the accuracy of the resulting time is de- 
pendent largely on how well the observer can estimate the position of the 
imaginary hand on the clock dial. Since the clock dial. has six hours to 
a quarter of a circle, an estimation to the nearest half hour is not bad. In 
applying this method, only a few easily memorized points must be kept 
in mind. A little practice in the mental arithmetic involved should en- 
able an observer to arrive at an approximate estimate of the time with- 
out putting pencil to paper. 

If for any reason, as for example, the presence of clouds, it is not con- 
venient to observe Alpha Cassiopeiae, the hour hand may be imagined 
as extending from the pole star through a point half way between Delta 
and Epsilon in the Big Dipper. Delta is the corner of the bowl of the 
dipper where the handle joins it and Epsilon is the star adjacent to it in 
the handle. In this case, the top of the dial must be considered as 12 
midnight and the hours again run counter-clockwise. Corrections for 
dates other than March 31 are made just as before. 

The time given by this method, as well as that obtained with the noc- 
turnal, is local mean time. To reduce to standard time, it is necessary 
to find the difference in time between the place of observation and the 
standard meridian of the time zone in which the place of observation is 
located. If the place of observation is west of the standard meridian, 
the time difference is added to the observed time ; if east of the standard 
meridian, the time difference is subtracted. This correction is, of course, 
always the same for the same place of observation. 


UNIverSITy OF NEVADA, RENO, NEVADA. 
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Lunar Changes in the Crater Aristarchus 
By WALTER H. HAAS 


The lunar crater Aristarchus is chiefly known as being the brightest 
crater on the moon's visible surface. If a little before the moon’s last 
quarter, however, we look at its east inner wall, so brilliant eight or nine 
days before, we shall be surprised not by the brilliance but by the dark- 
ness of that wall; for dark vertical bands have been developing upon it 
ever since lunar sunrise and are now almost as dark as the sunset sha- 
dow about to cover them. Every lunation we may see these bands darken 
in this way, and similar phenomena can be found in other craters. This 
article shall deal with changes observed in Aristarchus in 1936 by the 
author and with suggestions for a future study of this crater. 

The really critical bands to observe are five in number. The farthest 
north lies about the middle of the east inner wall. Three are found be- 
tween this one and the south wall, though two of the three are often 
merged. The fifth band is not so much a distinct band as a region on 
the south wall behaving like a band. 

The most interesting and most readily observed thing about the bands 
is their progressive darkening. At a day after sunrise only a discrimin- 
ating observer sees some very vague bands on the brilliant white wall. 
Two days later, at full moon, the bands are readily visible; but their 
darkness is slight, and the brilliant white streaks between them give an 
impression of great brightness to Aristarchus. A few days later, their 
darkness is obvious ; a little later, and the wall is not bright in any sense; 
and a little later, the bands, almost like shadows themselves, are covered 
by the sunset shadow—another lunar day has passed on Aristarchus. 


Perhaps this darkening can be shown better with a table. The first 
column gives the number of terrestrial hours since sunrise in Aristar- 
chus, and the second column gives the intensity on a scale where the 
mare was four and shadow zero, these data being given for a typical 
band on the east wall. These values are averaged values taken to tenths 
of a unit, but the method is too lengthy to be explained here. 


Hours after Hours after 
Sunrise Intensity Comment Sunrise Intensity Comment 
10 5.3 4 230 
30 250 
50 270 
70 290 
90 
110 
130 
150 
170 
190 
210 


Comment 
1 Just after sunrise. 
*2 Rate of darkening retarded. 
‘3 Full moon. 
*4 Lunar noon. 
5 
6 


Rate of darkening accelerated. 
Wall covered by shadow. 
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We should note that in all probability the bands are not confined to the 
walls during most of the lunar day but instead wander down onto the 
floor, probably retreating again at sunset. This conclusion is suggested 
by the following facts: (1) The floor looks larger and the east inner 
wall (upon which the bands lie) narrower, at sunrise than under a high 
sun. (2) It was twice definitely recorded, as an impression quite dis- 
tinct at the telescope, that the area of the floor was decreased by wall 
bands encroaching upon it. (3) Three bright spots seen on the floor at 
sunrise in appearance and position suggested that they would later be 
part of bright bands between the dark bands. (4) Two bands were seen 
definitely extending onto the floor at sunset. (5) One dark area ap- 
peared on the floor in such a way that it is possible that it was left by 
retreating dark bands. (6) A study of marks in bright bands and at the 
foot of the inner wall suggested that the bright bands were elongated 
under a high sun. If they were, the dark bands were also elongated. 

When the dark bands are covered by the sunset shadow, they are 
covered by units; i.e., bands or definite parts of bands, form the border 
of the shadow at this time. The whole aspect of the wall as the shadow 
covers it is, in fact, favorable to the view that the dark bands lie on lower 
parts of the wall than the bright bands, the latter being a kind of verti- 
cal ridges. 

We must also note that the bands are not confined to any single crater, 


even though Aristarchus is a splendid place to study them. They occur 
in Kepler, Anaxagoras, Atlas, and a number of other craters. We must 
not forget that we are studying a lunar phenomenon of rather wide oc- 
currence. It may show itself with unusual strength in Aristarchus, but 
it is by no means localized. 

The dark bands are the most interesting changes in Aristarchus, but 
certain others should be mentioned. 


The striking feature of Aristarchus just after full moon is a long, 
curving, very bright band, which has one terminus at a bright spot (a 
crater or a peak) on the rim of the east inner wall and the other (term- 
inus) at a very bright spot on the inner slope of the south wall. Its 
length must be twenty miles. This mark is not identical with a terrace 
seen under a very low sun. It is the dominating feature of Aristarchus 
for two or three days, but the really remarkable thing about it is its ap- 
pearance and disappearance. It forms, to all appearances within a few 
terrestrial hours, just before full moon. An earlier drawing shows a 
segment of it near the east rim; but still earlier drawings show nothing 
whatever, even when made under good conditions. It loses conspicu- 
ousness gradually and then suddenly fades completely just before lunar 
noon. Perhaps it was a ridge, brilliant on one side and dark on the 
other, so that it shone brilliantly under the morning sun and disappeared 
in the afternoon. But the transition should have been gradual. 

Another interesting mark was a bright spot, probably a peak, on the 
floor at the foot of the northwest wall. It was already bright at sunrise 
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and rose to a maximum of ten, the highest unit on the scale of lunar in- 
tensities. It maintained its pre-eminence for four terrestrial days, until 
a day after noon, and then suddenly disappeared. It was not once seen 
between that time and sunset. 

The maximum intensity of the central peak was not reached until two 
days after noon and lasted for two days, the maximum being ten. The 
decline in intensity was rapid as sunset approached. 

A number of places in the wall were abnormally dark, at times almost 
as dark as shadows, just after sunrise or just before sunset. This phe- 
nomenon also can be seen all over the moon. At sunrise it affects the 
north, south, and west wall of Aristarchus. At sunset the west rim 
grows very dark. A mountain ridge in the southwest corner of the floor 
is so affected at both sunrise and sunset. Its darkening at sunset must 
be very rapid indeed, for it has been considered intensity ten about two 
days before sunset and only three just fourteen hours later. 

Parts of the floor were dark, and some of its area may have changed 
irregularly. 

A bright spot on the southeast rim seemed to disappear two days 
after noon for no good reason, but evidence was not satisfactory. 

The really important things to observe about Aristarchus are, then: 
(1) The intensities of the five important dark bands, expressed on an in- 
tensity scale of some sort. (2) The aspect of the curved band on the east 
wall, especially when it is appearing or disappearing. (3) The intensi- 
ties of the central peak and the bright spot under the northwest wall. 
These two marks are very difficult to see separately in the five days fol- 
lowing full moon. (4) The time of disappearance of the bright spot 
under the northwest wall. (5) Any abnormal darknesses on the walls 
or on any floor marks seen under a low sun. 

Although it is necessary to secure more data before attempting to ex- 
plain these changes with any conclusiveness, let us note that these 
changes are in general similar to those observed by Professor W. H. 
Pickering in a number of craters in recent years. The wall bands are 
perhaps a special type of those dark areas observed by Pickering in 
Eratosthenes. We should certainly expect any changes merely due to 
changes in the angle of incident sunlight to reach a maximum of some 
sort at noon. The bands and spots considered here do nothing of the 
sort. It is true that there are serious objections to clouds, snow, and 
vegetation, even in small amounts, on the moon; but a careful study of 
the moon’s surface may very well show that our satellite is not so dead 
as is generally thought. 


Mount Union CoL_ece OBSERVATORY, ALLIANCE, OHIO, 
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Model of the Universe 


By ARTHUR T. ADAMS 


ScALE — ASTRONOMICAL UNIT = ONE INCH 


Actualfgures Round numbers Model figures 
Dist. from Sun to Earth 93,000,000 mi. 100,000,000 mi. 1 inch 
Diam. of Sun 864,000 mi. 1,000,000 mi. 1/100 inch 
Diam. of Earth 7,963 mi. 10,000 mi. 1/10,000 inch 
Diam. of Moon 2,160 mi. 2,500 mi. 1/40,000 inch 
Dist. from Earth to Moon 238,800 mi. 250,000 mi. 1/400 inch 
Diam. of Solar System 7,400,000,000 mi. 8,000,000,000 mi. P rt: 
Dist. from Sun to Sirius OLy. y. 9 mi* 
Diam. of Galaxy ( Milky Way) 100,000 L.y. ¥. 160,000 mi 
Dist. from Sun to M31 700,000 Ly. 7 r. 700,000 mi 
Dist. from Sun to X Nebula 500,000,000 Ly. 500,000,000 mi 
Solar System: 

Round numbers Model figures 


Dist. from Sun to Mercury 36,000,000 mi. 4/10 inch 
Dist. from Sun to Venus 67,000,000 mi. 7/10 inch 
Dist. from Sun to Earth 93,000,000 mi. 1 inch 
Dist. from Sun to Mars 142,000,090 mi. 1% inches 
Dist. from Sun to Asteroids ‘variable 

Dist. from Sun to Jupiter 483,000,000 mi. 5 inches 
Dist. from Sun to Saturn 886,000,000 mi. 10 inches 
Dist. from Sun to Uranus 1,800,000,000 mi. 20 inches 
Dist. from Sun to Neptune 2,800,000,000 mi. 30 inches 
Dist. from Sun to Pluto 3,700,000,000 mi. 40 inches 


*] inch = one six-trillionth of the astronomical unit. 1 mile 
one six-trillionth of a light-year (l.y.). 

The tabular model of the universe herewith offered is designed for the 
convenience of the amateur student of astronomy. Other models and 
devices for comparison have been advanced but none seem to be wholly 
satisfactory. 

The scale of any model embracing the entire known universe must of 
necessity be exceedingly small, otherwise, the most distant objects would 
be so far away in the model as to be as incomprehensible as the actual 
distances in space. On the other hand the scale must not be too small 
lest the objects of our everyday experience,—sun, planets, stars—be 
microscopically minute and beyond possible comparison. This latter 
defect is illustrated in a model described by Sir James Jeans in his 
“Stars in their Courses,” page 124. In this model a nebula 140 million 
light-years distant is represented as 8,500 miles away. This reduces the 
Solar system to the dimensions of a grain of sand. On this scale how 
can the sun be visualized? A still smaller model is credited to Jeans in 
“Science News Letter” for July 3, 1937, page 3. Here the scale is two 
million light-years to the inch. Our galaxy (Milky Way) is represented 
as a pinhead, all the visible stars at night are contained in a speck of 
dust and the sun is an electron. 

In the model here submitted it is aimed to avoid both extremes as to 
size by adopting as the key-stone to the structure the astronomical unit of 
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93 million miles which is represented in the model by one inch. Both 
actual and model units are familiar and readily comprehended. 

sy referring to the tabulation it will be seen that the first column of 
numbers represents actual distances and dimensions. By a singular 
coincidence six of these numbers (those referring to the solar system ) 
may bé raised slightly and the result is the second column of convenient 
round numbers. It is upon these round numbers that the model is con- 
structed and they serve very well for general approximations. 

It will be observed that the sun is represented by a speck 1/100 inch 
in diameter or about equal to the dot of an “i” on this page. This is in- 
deed a minute representation of our sun but it is actually visible. The 
solar system is a circle about seven feet in diameter. The earth and 
moon are invisible but are easily within reach of the imagination. 

Another convenient coincidence is the fact that actual distances ex- 
pressed in light-years may be represented in the model as miles. This is 
because the number of inches in the astronomical unit (5,892,480,000,- 
000) is nearly the same as the number of miles in a light-year (5,869,- 
713,600,000), the difference being less than one-half of one per cent. 
Thus each figure in the model—the inch and the mile—is practically one 
six-trillionth part of the actual distance it represents. It is thus easy to 
visualize the comparative distances of the stars and nebulae in terms of 
common knowledge. 


A few illustrations in the use of this model may be helpful and also 
interesting : 

1. Any casual observer will notice that the discs of the sun and moon 
are of virtually the same diameter. This is especially noticeable at the 
time of a total or partial eclipse of the sun. By noting the column of 
round numbers in the model it will be seen that the diameter of the sun 
is 400 times that of the moon, also that the distance from the earth to 
the sun is 400 times the distance from the earth to the moon. These two 
facts counterbalance each other in respect to angular diameter, hence 
their respective diameters appear to be equal. 

2. Sirius, the brightest star in our winter sky, and one of the nearest, 
is represented in the model as nine miles distant while the sun is only 
one inch away. If viewed from Sirius our entire solar system would 
hardly be visible as it would be about like a seven-foot circle nine miles 
away. The sun would be a tiny period far beyond the range of vision. 

3. The great spiral nebula in Andromeda, known also as M31 (visi- 
ble to the unaided eye), subtends an angle of about 2% degrees or an 
arc equal to that represented by five full moons in a row. As the distance 
to this spiral is 700,000 light-years a simple calculation in arithmetic will 
show its diameter to be about 30,000 light-years. Now let us go out to 
this spiral, in our imagination, and look back at our own galaxy. It 
would probably have a similar appearance though somewhat more nar- 
row as M31 is only slightly off the galactic plane. The diameter of the 
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galaxy being about three times that of M31, it would subtend an angle 
of 71% degrees which is about equal to the width of the Big Dipper 
bowl. From this point our solar system would again be the seven-foot 
circle seen at a distance of 700,000 miles. 


4. The most distant nebula thus far discovered is estimated by Dr. 
Edwin Hubble to be of the order of 500 million light-years (“Realm of 
the Nebulae” pl. 14), that is, 500 million miles in the model. From this 
point of view our galaxy would be scarcely visible. By now reducing 
our model to comprehensive dimensions the galaxy would be equivalent 
to a shirt button viewed at a distance of about 150 feet. The following 
solution will help to make this comparison more clear: 

100,000 (diameter) : 500,000,000 (distance) :: 1 : 5,000 or say 
1 inch : 5,000 inches or 
1 inch : 400 feet or 
¥% inch (the button) : 150 feet. 
It would probably appear circular as the distant nebula is located near 
the galactic pole and our line of sight would be perpendicular to the 
galactic plane. 

About three inches from this button M31 would appear about like a 
cipher on this page. About the same distance away M33, the spiral in 
Triangulum, would appear as a pinhead. Three and one-half inches from 
the button would be another pinhead representing M51, the “Whirl- 
pool” nebula in Canes Venatici. These four spirals form a neighborly 
little group of “island universes” as seen from the most distant nebula 
150 feet away. About two feet from the button a “small sample collec- 
tion” of nebulae in Leo will be glimpsed (“Realm of the Nebulae,” 
pl. 3). Ata distance of fifteen feet is the cluster of spirals in Coma 
Berenices, a veritable archipelago of island universes (“Stars in their 
Courses,” pl. 40). About thirty feet from the button is a group of nebu- 
lae in Pegasus (“Stars in their Courses,” pl. 41). This cluster is said 
to contain 162 nebulae which are 100 million light-years or more away. 
At forty feet is yet another cluster of some 400 spirals in Corona Bore- 
alis (“Realm of the Nebulae,” pl. 4). All of the stars, globular clusters, 
and diffuse nebulae, visible on a cloudless night, are contained in a very 
small area within the button. 


5. Tous, our sun is the most important of the celestial bodies and up- 
on its heat and light depends our existence. Yet it is difficult to visual- 
ize the sun or even the solar system in our model. One might attempt 
it by imagining a ray of light traveling across our galactic system. At 
the velocity of 186,000 miles a second it would make the transit across 
the disc of the sun in a little less than five seconds and would pass from 
the sun to the earth in 8% minutes. It would cross the solar system in 
eleven hours but would require 100,000 years to complete the journey. 

SoutH HicH ScHooL, MINNEAPOLIS, MINNESOTA, OcTOBER 19, 1937. 
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Fragmentary Notes on Astronomy in Japan 
By YASUAKI IBA 
(Part IV)* 


RECORD OF VARIABLE STAR OBSERVED 

In Vol. No. 25 “Sandai Jitsuroku,” however brief, following column 
is found which reads as under: 

“On 27th, 2nd Moon, 16th year of Jiokan, (i.e., 19th March, 874) 
Bunshosei faint and almost invisible.” 

This is the only one traced so far. According to the interpretation on 
ancient star charts, “Bunshosei” is the designation assigned for “Upsi- 
lon” “Theta” “Phi” “f” & “e” in Ursa Major. 


REcorDs OF AURORA WITNESSED 

Chronological data concerning aurora in the olden days amount to 15 
in all, of which the oldest is that which was observed on 30th December, 
620, A.D., annalled in Vol. No. 22 “Nihon Shoki,” and it says: 

“On Ist, 12th Moon, 28th Year of Emperor Suiko, observed red at- 
mospheric phenomenon in the heaven, about 10 ft. long, which looked 
as if tail of a cock.” 

Another interesting one is found in “Taihei Nenpioh”’ (A well authen- 
ticated chronological table) gist of which runs as follows: 

“At about 4 p.m. 28th, 7th Moon, 7th year of Meiwa (i.e., 1770) red 
atmospheric phenomena broke out in the northern sky, shifting gradual- 
ly eastward and assumed a conspicuous significance at night, rendering 
it observable in all provinces. From Kioto it looked as though a reflec- 
tion in the air of conflagration in Wakasa Province (a province north 
of Kioto, facing Sea of Japan). On this day phenomenon like a fire- 
pillar shot up on the surface of the sea, and later it dispersed and per- 
meated throughout the sky.” 

Prof. Dr. Sakuhei Fujiwara, a renowned scientist in Tokio Central 
Meteorological Observatory, wrote some notes on aurora in his famous 
work “Kumo o tsukamu hanashi” (The Story of the Clouds) from 
which following extract can be made (from page 214-5). 

“That of 28th, 7th Moon, 1770, seemed to be very striking and was 
observed in Kioto and Nagoya.” 

The synopsis of the contemporaneous annal says that: 

“Amidst ruby lights permeated in the sky, long light-whitish stripes 
like those seen on the stomach of a bonito were noticeable, metamorphos- 
ing themselves from narrow to broad and then again to narrow, and 
pulsing as if a twinkling beam of a fire-fly. It was really incomprehen- 
sible and unprecedented anomalism.” 

(N.B.—Aurora is said to have been observed thrice since 1909.) 


*Parts I, II, and III appeared in May, 1934, June-July, 1937, and February, 
1938, issues, respectively. 
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THE OLDEST ORBITAL COMPUTATION OF COMET IN JAPAN 

Kanoh Library, donation of Dr. Kohkichi Kanoh to Toh Hoku Im- 
perial University in Sendai, a thriving city in north Japan, embraces 
thousands of valuable literatures. On his recent visit thither to attend 
anniversary meeting of The Physico-Mathematical Society of Japan, 
Mr. S. Kanda could collect numerous astronomical data, of which the 
writer cites that of cometary orbit. 

Literature No. 9854 of the said Library, named “Bunkiu Shinyu 
Suiseiki” is itself the record of great comet of 1861, discovered by J. 
Tebbutt, N.S.W. 

Unfortunately, however, it is an excerpt written with Japanese brush 
pen, and whilst its contents are of great accuracy, it has not author's 
name. 

Mr. Kanda says that it is the oldest so far as orbital computation of 
comet is concerned, and computation is very systematically worked out 
with the reference to “Shinshu Suiseiho” edited by Kagesuke Shibuka- 
wa in 1855, which is very presumably translation of computing astrono- 
my of Dutch origin. 

ASTRONOMICAL RECORDS OF KOREA 
Novae TycHo Braue & KEPLER RECORDED 

Of all strange stars recorded in the Korean chronicles, those which 
are surmised to be novae are described by Dr. Rikichi Sekiguchi, in Vol. 
II, No. 8, The Astronomical Herald, issued in November, 1918. 

According to “Bunken Bikoh,” in 11th Moon, 5th year of Senso, i.e, 
1572, a strange star was observed by the side of ‘‘Sakusei,’ Gamma 
Cassiopeiae, with magnitude as bright as Venus. 

Dr. R. Sekiguchi identified same as the nova discovered by Tycho 
Brahe on 11th November, 1572, in the constellation Cassiopeiae, which 
was said to be about 1™ at first and later became equivalent in its bril- 
liancy to Venus, rendering it readily observable even in daylight. 

Further he identified that of Kepler detected in October, 1604, in 
Ophiuchi, in another datum which reads as under: 

“In Chia Ch’én, 37th year of Senso, (i.e., 1604) observed a strange 
star in sidereal division of ‘Bi’ (Wei) with greater magnitude as com- 
pared with Venus, presenting reddish yellow colour and scintillating. By 
Keng Hsti 10th Moon, it diminished into small magnitude.” 

The foregoing nova is also annalled in “Ressei Jitsuroku” of Ri Dyn- 
asty, as follows: 

“At 1 Koh* Wu Ch’én, 9th Moon, observed a strange star, located at 





*The word “Koh” referred to, is a designation indicating the time at night, 
and definition was given by Prof. Dr. Kiyotsugu Hirayama in Vol. 5, No. 8 “The 
Astronomical Herald,” in his paper under the heading “Historical Review of Time 
Indication in Japan,” as follows: 

“Koh Ten” (Kéng Tien) system which was especially employed in the indi- 
cation of time in lunar eclipse in “Hichiyo Reki,” (Ch’i Yao Li) was the charac- 
teristic time indication in China. The interval between eventide to daybreak was 
divided into 5 “Koh,” each of which was subdivided into 5 “Ten.” Thus eventide 
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10° in sidereal division of ‘Bi’ (i.e., Wei), N.P.D. 110°, with magnitude 
less than that of Jupiter, presenting reddish yellow colour and scintillat- 
ing. At 1 Koh on the night of Chi Ssu the strange star was witnessed 
together with Jupiter. 3 ‘Ten’ past 1 Koh on the night of Hsin Wei, 
observed the strange star, through the cleft of the clouds, with smaller 
magnitude as compared with Jupiter, presenting reddish yellow tint and 
scintillating.” 

Furthermore during the interval from Hsin Wei to Chi Ch‘ou, 3rd 
Moon next year (1605) the observation of the strange star was consecu- 
tively recorded on every clear night and the final datum says that: 

“At 4 Koh Kuei Ssu, Ist Moon, 38th year of Senso, the strange star 
was dimly observed. At 4 Koh Ting Yu, owing to the moon-shine in 
the location of the strange star no details could be observed. At 5 Koh 
Chi Ch’ou, 3rd Moon (of the same year) witnessed the strange star 
faintly.” 

In “Bunken Bikoh” manuscript of same origin is annalled, saying as 
under : 

“Ping Tzu lst Moon, 38th year of Senso, observed a strange star in 
the upper part of Tenkoh . . . environs of Theta Ophiuchi . . . with 
magnitude greater than that of Shinka, . . . Alpha Scorpii . . . pre- 
senting reddish yellow colour and cintillating. By Chi Ch’ou 2nd Moon 
its magnitude diminished faint.” 


RECORD OF VARIABLE STAR? 

Of the Chinese designations given to the circumpolar stars, there are 
many which cannot be identified or verified in the Occidental Star 
Charts, and the one that comes under the foregoing category is seen in 
the following record: 

“Chi Yu, 9th Moon, 3rd year of Ninso, i.e., 1626, Ten’ichisei in Shi- 
biyen invisible, yet could observe same after lapse of a month.” (Shi- 
biyen is a designation assigned for circumpolar constellations. ) 

Dr. R. Sekiguchi writes that there is no identified star for Ten’ichisei 
in European Star Charts. He goes on to say that: 

“The stellar designations adopted in the reign of Korean Emperor Nin- 
so draw their origins from the star catalogue of ‘Gishoh Kohsei,’ and 
deducing from R.A. and Decl. of the star named Ten’otsusei (Ten’ich- 
isei), taking precession into consideration, its position in 1900 shows 





was called 1 “Koh” 1 “ten,” followed by 1 “Koh” 2 “ten” and so on to 5 “Koh” 
5 “ten,” making next “ten” the daybreak. The midnight was in the midway be- 
tween 3 “Koh” 3 “Ten” & 3 “Koh” 4 “ten.” 

In Japan this system was first adopted in Kansei Calendar by the contempor- 
aneous Astronomers, and became universal in Tenpo calendar (even employed in 
almanac for every home). 

In place of 1 Koh, “Sho Koh” may be substituted. 

With reference to the pronunciation of Chinese Characters used in chrono- 
logical terms, those adopted by John Williams and Dr. Robert Schram cannot be 
called correct to the nicety. Prof. Dr. K. Hirayama recommends “The Chinese 
Pronunciation Dictionary” edited by Mr. Masabumi Okamoto and published by 
Bunkiudoh Bookstore at 1-chome, Hongo, Tokio. 
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that same is corresponding to ‘i’ Draconis.* 
“The said star is tabulated in P. D. Catalogue as 4".78 and its colour 
index G. and in ‘Gishoh Kohsei’ as 5“. On looking through variable star 
catalogue no registry is found of ‘i’ Draconis. He observed it in person 
for two weeks during May, 1917, and variability was not perceptible at 
all, its magnitude being 4.5.” 

This had led him to a conclusion that had the record been of true in- 
cident, it ought be a kind of eclipsing variable with abnormally long 
period. 


ASTRONOMICAL RECORDS OF RIUKIU 


Riukiu Archipelago that links Japan Proper and Taiwan (Formosa) 
was formerly a kingdom under the régimé of Marquis Shoh’s ancestors. 
Lately chronological data pertaining to astronomy thereat have been in- 
troduced by Messrs. S. Kanda and Masaji Ohsaki in The Astronomical 
Herald, Vol. 25, No. 12, issued in December, 1932. 

The sources from which the said data were extracted are the excerpts 
named “Kiuyoh,” composed of 22 volumes with 4 addenda, embracing 
records within past 270 years. (Kiuyoh is owned by Mr. Fuyuh Iba, 
and is said to be, in a general sense of word, National History of Riu- 
kiu.) 

RECORDS RE HALLEY’s COMET 

That its apparition in 1682 was first observed on 28th, 7th Moon, i.e., 
30th August, (In Europe Astronomers at Greenwich first discovered on 
15th August) is recorded in Vol. No. 7. 

That of 1759 was first witnessed on 3rd, 9th Moon, i.e., 6th April. 
Recorded in Vol. No. 15. 

That of 1835 was first observed on 27th, 8th Moon, i.e., 18th October. 
Recorded in Vol. No. 21. 

RECORDS ON OTHER COMETS 

According to Vol. No. 8, on 4th, 10th Moon, 27th year of Shoh Tei 
Oh, i.e., 10th November, 1695, the apparition of great comet was ob- 
served. This is the great comet discovered in the Southern Hemisphere 
on 28th October. 

In Vol. No. 13, comets discovered in Cape Colony on 5th February, 
1742, and that of Klinkenberg on 9th December, 1743, and also that 
which passed perihelion on Ist March, 1744, are recorded respectively. 

That of Messier discovered on 8th August, 1769, was observed at 
midnight 26th, 7th Moon, i.e., 27th August says Vol. No. 15. 

In Vol. No. 20 reports on comets are abundant, viz: 

(1) Great comet of 1811. 

(2) Pons’ Comet discovered on 15th July, 1825, was observed in Riu- 
kiu on 21st, 10th moon, i.e., 30th November. 


*Prof. Dr. Joe Ueta, of Kioto Imperial University indicates that Ten’ichisei is 
the nomenclature given to 8 Draconis, in one of his dissertations named “Sekishi 
Seikiono Kenkiu” which is vade mecum to all those interested in Far Eastern 
Astronomical Chronology. 
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(3) 1830 II discovered on 7th January, 1831, by Herapath, whose 
perihelion passage was said to be 17th December, 1830, was first wit- 
nessed in Riukiu on 3rd January, 1831, i.e., 20th, 11th Moon, 27th year 
of Shoh Shin Oh, four days earlier than Herapath. 

According to Vol. No. 22, 1853 III was observed from 8 to 10 p.m. 
during the interval from 19th to 25th, 7th Moon, i.e., 23rd to 29th 
August. 

1862 VI is also chronicled in the said volume as observed during the 
interval 24th, 7th Moon to 11th, 8th Moon, ie., 19th August to 4th 
September. 

According to Mr. Tsutsui, Expert at Naha Meteo. Obs!, he had seen 
in the diary of Ex-Prince of Riukiu a record of Donati comet in 1858, 
saying that same was observable from 20th, 8th Moon till 1st, 9th Moon, 
ie., 25th September to 6th October. 


REcoRDs ON SOLAR ECLIPSEs 

Vol. No. 17 says that there was solar eclipse on New Year’s Day 35th 
year of Shoh Boku Oh, i.e., 30th January, 1786, and on this account all 
ceremonies were held on the next day. 

Similar record is found in Vol. No. 19, according to which on Ist, 1st 
Moon, in the year of ascension of Shoh On Oh. ie., 19th February, 
1795, there occurred solar eclipse and festival ceremony was carried out 
on the 2nd as a consequence. 


In Vol. No. 22 another solar eclipse is annalled, saying that on New 
Year’s Day (12th February, 1850) in the 3rd year of Shoh Tai Oh, all 
ceremonies were postponed as precedented in 10th year of Kanriu, 
owing to the solar eclipse. 


RECORD OF OCCULTATION 

In Vol. No. 14, report on occultation is recorded, gist of which runs 
as follows: 

“At 2 Koh on 12th, 3rd Moon, 32nd year of Shoh Kei Oh, i.e., 24th 
April, 1744, a star from ESE crept into the Moon and after less than 2 
hours emerged in the direction NE and left for North.” 

Mr. Kiyohiko Ogawa, of Tokio Astro. Obs., a veteran expert in Ori- 
ental chronology, says that the star then occulted was Jupiter, through 
his calculation. 

RECORD ON STRANGE STAR IN 1843 

“In 9th year of Shoh Iku Oh, an abnormally big star was witnessed 
at dawn in the SE sky on 30th, 2nd Moon, till 30th, 5th Moon, i.e., 30th 
March to 27th June, 1843.” 

The above-mentioned is the synopsis of a record found in Vol. No. 21, 
for which Mr. S. Kanda gives interpretation as under: 

“The star in question was Eta Carinae which was said to be either 
nova or irregular variable. In 1843 it was at its maximum, for corres- 
ponding records indicate that its magnitude was as bright as Beta Ori- 
onis in January and surpassed the brilliancy of Alpha Argus in March.” 





Fragmentary Notes on Astronomy in Japan 





RECORDS OF AURORAE, CONTINUED 

Since publishing the former reports, the writer has collected numbers 
of data concerning aurorae observed in the past, through the courtesy of 
Messrs. S. Kanda and Susumu Imoto; and trusting that they may elicit 
more or less interest of oversea astronomers, their transcriptions will be 
made herein, making it almost a complete review of the kind. 

The result of Mr. S. Kanda’s research shows that the years in which 
auroral apparition occurred in the period A.D. 620 to 1781 are: 

620 (As per Supplement No. 1) (2)1370 
1150 (2) 1371 
1152 1363* 
1170* 1440* 
1176 1455* 
1177* 1486 
1202 1582 
1204 1587 
1205* 1635 
1227 1770 
1247 1781 

In those marked*, contents of their records are very ambiguous. 
Whilst these auroral records are, as a rule, simple and brief, fairly min- 
ute descriptions are found in three records as follows: 

(1) (a) The night of 19th, Ist Moon, Ist year of Genkiu (i.e., 21st, 
Nov. 1204) was very clear and after lanterns were lighted red atmos- 
pheric phenomenon broke out in the northern and northeastern sky, 
with a luminous horizon as at moon-rise. 

Long and vivid streamers, whitish four or five, and those of ruby light 
three or four, hang on in the heavens, resembling a fire in the perspec- 
tive, which were decidedly neither clouds nor clefts of the cloud, rather 
suggestive of sidereal division of unknown objects. 

It was really horrible to see white and red streamers intermixed in the 
heavens, and mysterious anomalism beyond anything conceivable.” 

(b) “21st (same month). Fine but windy night. When lighted lan- 
tern there occurred red atmospheric phenomenon in the NNE sky. It 
appeared as though a fire on the other side of the mountains, and terri- 
fied again with great shocks.” 

The foregoing two are the extracts from “Meigetsuki,” the diary of 
Sadaiye Fujiwara, an Aristocrat of the time. 

(2) Similar record may be depicted from “Omuro Saishohki,” ac- 
cording to which on the night of 19th, lst Moon, at about 8 p.m. red 
atmospheric phenomenon with white cloud interwoven was observed in 
the “Inu” to “Tora” directions (i.e. WNW to ENE). The same oc- 
curred on 20th toward “‘Tora” to “Ne” (i.e., ENE to N), but without 
white clouds. On 21st it occurred again. Decision entered by Takeshi- 
ge revealed that it was very rare anomalism. 

(3) That of 1486 is related in ‘** Nagaoki Sukuneki” as follows: 

“Oth, 9th Moon, 18th year of Bunmei (i.e., Oct. 6th) fine weather. 
Heard that about midnight on the previous day people gathered at the 
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east river side to see very anomalous phenomenon in the sky which was 
of no human origination ; might be ‘/.gnis fatuus’ ete.” 


In reading through contemporaneous chronicles, manuscripts con- 
cerning the aurora of 1770 are noted almost without exception. 

(1) “Ippon Zoku Ohdai Ichiran Oyobi Kiji” says that: 

“At 4 p.m. on 27th, 7th Calendar Month, 7th year of Meiwa, red at- 
mospheric phenomenon was observed in the northern sky in Kai Prov- 
ince, shifting eastward, and as the night deepened its luminosity became 
vividly striking, making it observable in the adjacent provinces” (Kai 
Province is situated due north of Yedo, present Tokio.) 

(2) “Shuoh Nendaiki Shinyekai” is another datum relating to the 
above mentioned, according to which “fat night 28th, 7th Moon, a red 
phenomenon broke out in the northern sky and was at its full swing from 
8to 12 p.m. It looked as if there was a fire in the village, and was a 
very rare occurrence.” 

The year of 1770, it is worthy to note, is just after the maxima of sun- 
spots. 

Notes ON METEORITE 


(1) “Toh Daiki” says that 5 stones with 4-5 inch diameters fell on to 
a village called Hijita, far up in the mountainous region in Mikawa 
Province, on 9th, 4th Moon, 15th year of Keichoh, (i.e., 1610 V. 31) 
with rattling sounds like thunder, etc. 

(2) There is an interesting paragraph in “Unkonshi Vol. 3, First 
Part,” relating story of meteorite by Sugita, domiciled in Tachibana- 
mura, Yasugun, Ohmi Province. It says: 

“On a sultry day, a farmer of his village was for a time in the back- 
ground of his house, when his attention was aroused by the sound in the 
air despite of no clouds and found that a stone fell onto the ground in 
front of him. Picking it up it was seen that its size was about a handful 
and was very hard and heavy, with streaks presenting golden colours, 
etc.” (Date not mentioned. ) 

(3) Another attractive story by a person named Hayashi regarding 
meteorite is mentioned in Vol. No. 40 “Kohshi Yawa” translation of 
which runs as follows: 

“About 8 p.m. on 8th, 10th Moon, 6th year of Bunsei (i.e., 1823 XT. 
10) he was aroused by a rumbling sound like that of a cannon at first in 
the western sky thence northward and he lost not a moment in opening 
door in the North to see what had happened and heard clamour of its 
trailing still echoing in the northern sky. 

“Later he was told that passers-by alike witnessed the trailing of a 
huge luminous object. 

“A few days later it was known that at that time a stone struck the 
porch in the house of a petty “Samurai” at Waseda Yedo (Tokio), 
breaking into pieces, having cracked the roof. 
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“It rushes to his memory, says Hayashi, about 7 or 8 years ago aerial 
trailing of an object in open daylight was witnessed, in which incident 
a stone fell onto the farm-field at Hachiohji, (a town situated 10 miles 
NW of where Tokio Astro. Obs. is at present) which was a sort of vul- 
canite. The fragment of that of Waseda this time was identified as of 
same sort by the one who saw it. 

“The tale that once upon a time a star fell on the earth and became a 
stone may indicate hint of this occurrence, under reference. The action 
of the nature is really beyond one’s imagination. 

“The said object from the sky at Hachiohji was 4 ft. in diameter and 
precipitated with rumbling, swiftly trailing in the air, changing its form 
as a reddish, blackish, cloudlet-like and glaring ball, leaving behind scin- 
tillating trail, about 20-30 ft. in its wake from NE to westward. 

“Those who happened to be on the scene stared at it with horror at 
first and soon in dismay rushed into their houses and shut down the 
doors with ineffable terror, not knowing what would be the sequence.” 


(To be continued.) 





Astronomical Photography 


with a View Camera 
By O. M. ERPENSTEIN 


Although a certain amount of astronomical photography can be done 
with the usual type of hand camera, having an f 6.3 or f 4.5 lens of from 
four to five inches focus, the possibilities with a larger camera are natur- 
ally greater. This is chiefly because lenses of longer focal lengths can 
be used, which results in larger images. An additional advantage will 
be apparent from the following: 

The exposure for terrestrial objects, that is, objects shining largely by 
reflected light, is about the same for a given lens speed, regardless of 
the focus of the lens or its actual diameter. When photographing stars 
this does not seem to hold true. The greater the actual diameter of the 
lens, the lower the order of magnitudes that can be reached. Perhaps 
the fact that the stars shine by light of their own has something to do 
with this. We may recall here that for visual observation, the greater 
the aperture of the object glass of the telescope, the farther can we 
descend in the scale of stellar magnitudes. And this is independent of 
the ratio of the diameter to the focal length of the lens, photographical- 
ly, regardless of its speed. A view camera will of course permit a larger 
lens to be used, which will gather more light. 

There is one disadvantage, however, since because of the greater 
focal length of the lens the trail of any star is greater for the same in- 
terval of time than it would be for a lens of shorter focus. In order to 
obtain point images of the stars, the exposure must not be more than 
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20 seconds for a seven-inch-focus lens. It will be difficult afterwards, 
however, to distinguish a very faint star image from a dust mark or 
other possible negative blemish. For this reason the trail method is to 
be preferred if no means are available to guide the camera. 

In observatories, photographs of stars and nebulae are taken with 
special cameras or the object glass of a large telescope forms the photo- 
graphic lens. The focal lengths of the former range from perhaps 24 
inches up, and, with the latter, focal lengths of the order of 50 or 60 feet 
may be realized. In addition, much longer exposures than the above 
quoted 20 seconds are given, the stars being kept in the field of the in- 
strument by clockwork motion. 


eGeleigeuze 


ORION AND TAURUS, 


Notice that the trail marking the location of the Great Nebula is much 
wider than the star trails, although it is not of the same brilliancy for the 
same width. It is interesting to note that the visual double, Theta Tauri, 
near Aldebaran, though visually the stars appear to be of the same bright- 
ness, has its components of different photographic magnitudes. The 
Pleiades may be seen at the upper center of the photo. Notice also, that 
Betelgeuse is much fainter photographically than the second magnitude 
star at the upper right corner of the trapezium forming the constellation 
Orion. This star appears red to the naked eye. 

One can do a certain amount of mapping from one of the trail photo- 
graphs. The procedure is to make a fairly large print, say an 8x10, and, 
with a pin, prick through the stellar images, choosing of course either 
the end or the beginning of a trail. The different magnitudes must be 
determined according to the thickness of the trails. If a star atlas is at 
hand comparison stars can be selected. The magnitudes thus determined 
will not always agree with the observed visual brightness, since even 
panchromatic materials are over-sensitive to the ultra-violet and blue 
rays. Red stars will therefore appear smaller than they appear to the 
eye. 
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It is also possible to determine mathematically the positions of the 
stars from the negative. For this it is necessary to know the precise 
positions of two stars with reference to the celestial coérdinate system 
and also the focal length of the lens. The writer has worked out the 
computations involved, but these are rather too technical to be presented 
here. 

In developing stellar negatives it is well to lengthen the time of de- 
velopment in order to bring out the faintest detail with sufficient con- 
trast. (The faintest detail will be just barely visible with normal devel- 
opment.) Needless to say, the utmost precautions must be taken to min- 
imize dust marks and other negative defects. In printing use a paper of 
high contrast. 








THE SOLAR ECLIPSE OF SEPTEMBER 10, 1923, AS SEEN FROM LopI, CALIFORNIA. 


A lens of 12 inches focus, with a blue (“C”) filter was used in 
an effort to obtain an impression of the corona. Exposure 1/200 
sec, at £64. No trace of the corona is to be seen. 


















Eclipses, as seen in the accompanying illustration, can be very satis- 
factorily photographed. The focal length of the lens should be about 
12 inches in order to get fair sized images. For the sun, stop the lens 
to f 64 or as far as possible and use the fastest shutter speed. It may be 
necessary to use a deep screen to prevent overexposure and halation. 
For a lunar eclipse about 0.5 sec. at f 16 is satisfactory, if the shadow 
of the earth has not encroached too far. Near and during totality the 
exposure must be much increased. Definite figures cannot be given be- 
cause the state of the atmosphere plays a large part. In photographing 
both lunar and solar eclipses a series of images may be obtained on the 
same film or plate by giving an exposure say every ten minutes. The 
eclipse photograph shown was obtained in this way. 


4123 12TH AVENUE, SAN FRANCISCO, CALIFORNIA, 


Planet Notes 


Planet Notes for April, 1938 
By R. S. ZUG 


Note: Greenwich Civil Time is employed, unless otherwise stated. To obtain 
Eastern Standard Time subtract 5 hours; Central Standard Time, 6 hours; etc. 
The planetary phenomena are described as they are to be seen from latitude 45° N. 
The data are taken chiefly from the American Ephemeris and Nautical Almanac. 


Sun. The positions of the sun for April 1 and April 30, respectively, are: 
a =0"39™0, 6 = +4° 121; a = 2" 26™4, 5 = +14° 300. The sun is in the con- 
stellation Pisces until April 17, on which day it enters the constellation Aries, Val- 
ues for the equation of time are as follows: 


Equation of Time Equation of Time 

Date ( Mean - Apparent) ate (Mean - Apparent) 
1938 

Mar. 29 

Apr. 2 

6 


10 


mh wu 


we un 


NU! 


+ 0 33 
— 0) 2 

1 19 
4 
2 


OS OO 


1 


4 

Moon. Phenomena of the moon will occur as follows: 

h m 

First Quarter Apr. 15 10 

Full Moon 18 21 

Last Quarter 20 14 

New Moon 5 28 

First Quarter May 21 24 
Perigee Apr. + 
Apogee 2 17 

Mercury. On April 2, 21", Mercury will reach greatest eastern elongation, and 
at sunset will be situated almost due west and at an altitude of about 19°. The 
stellar magnitude of the planet on this date will be 0.0. As stated in the Planet 
Notes for March, this eastern elongation will constitute the most favorable oppor- 
tunity of the year for viewing Mercury. After April 2, the planet’s elongation 
from the sun diminishes rapidly, and inferior conjunction is reached April 21. 

It is interesting to note that on April 2, 5"51™, the moon will pass directly 
south of Mercury, the difference in declination being only 11'5, as seen from lati- 
tude 13° 5355 N. An occultation of Mercury will occur, but unfortunately, it will 
be visible in the twilight sky only in mid-Pacific between latitudes 18° N and 
13° S (approximately ). 


Venus. Venus is an evening star, and sets April 1 half an hour after the sun. 
On April 30 the planet remains in view 1" 40" after sunset, and is situated about 4° 
south of the Pleiades. 


Mars. Mars continues as an evening star during April. In the course of the 
month the planet moves about 20° eastward along the ecliptic. On April 30 it 
will be situated midway between the Pleiades and the Hyades, and 5° east of 
Venus. Its angular distance from the sun is slowly diminishing. 

Jupiter. Jupiter is a conspicuous morning star in the southeastern sky, rising 


April 1 two hours before the sun. On April 30 the planet rises 2"40™ before the 
sun, and attains an altitude of 22° by sunrise. 
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Saturn, Saturn became a morning star March 29. By April 30 the planet is 
in western elongation 28° from the sun. Its altitude at time of sunrise April 30 is, 
however, only 10°. It is seen that Saturn will not be conspicuous during April. 


Uranus. Uranus is still in the evening sky, but close to the sun. On April 15, 


20", Venus passes 9’ to the north of Uranus. 


Neptune. Neptune is well placed for observation. Observers are referred to 
Planet Notes for March, 1938, where a chart appears, illustrating the path of Nep- 
tune relative to the surrounding star field, for the period from March 1 to August 
1. Opposition occurred March 11. 





Occultation Predictions 


(Taken from the American Ephemeris) 





















IM MERSION EMERSION 
Green- Angle E Green- Angle E 
Date wich from wich from 
1938 Star Mag. C.T. a b N bee iy a b ON 
h m m m ° h m m m ° 
OccuLTATIONS VISIBLE IN LONGITUDE +72° 30’, LATITUDE +42° 30’. 
Apr. 5 129 H*Tau 5.7 1 31.7 —12 +10 33 2 08 40.7 —3.5 333 
8 84B.Cnc 64 23 26.0 —1.6 —1.0 124 0 44.5 —1.9 —0.7 282 
9 w Leo 5.5 23 231 —16 —0.1 111 041.8 —16 —1.0 301 
17 150 B.Lib 62 3 86 —O0.1 —0.7 151 4 30 —1.9 +2.0 245 
18 w Oph 46 8 33.1 —19 +10 42 9 31.1 —2.2 —2.5 321 
20 w# Ser 40 7162 —20 +18 54 8 34.1 —2.1 —0.4 297 
21 190 BSgr 54 10155 —19 +05 63 11 434 —18 —0.7 202 
OccuLTATIONS VISIBLE IN LONGITUDE +91° 0’, LatirupE +40° 0’. 
Apr. 5 129 H*Tau 5.7 1 93 —12 —03 67 2 87 —04 —2.1 299 
8 84B.Cnc 64 23 17 —13 —1.6 146 0 49 —21 41.5 253 
9 A’Cne Sf 6S OS x <<, <n 5 12.0 « 
9 A’Cnc 5.7 642.1 —04 —1.2 89 7 34.3 +0. 2 19 314 
9 w Leo 5.5 22 59.3 —1.1 —04 130 010.2 —1.6 +0.7 274 
VV UBib 55 3 17 bs co, ae 3 37.8 - < on 
18 w Oph 46 745.1 —26 +16 56 8 55.5 —2.0 —14 318 
20 w Sgr 40 640.7 —13 +18 73 7 58.0 —1.5 +0.5 288 
21 190 BSgr 54 9 355 —20 +16 58 11 40 —24 —0.1 277 
OccuLTATIONS VISIBLE IN LoncituDE +120° 0’, Latirupe +36° 0’. 
Apr. 9 A*Cnce 5.7 3 545 —2.00 —0.9 109 5 142 —14 —1.9 304 
9 M?Cnce 5.7 6 28.7 —0.9 —2.0 129 7 346 —0.8 —1.5 282 
12 e Leo at Tl 48 a -s 16 1 219 - o> oe 
18 w Oph 46 6483 —0.9 +0.9 102 8 5.1 —14 +0.6 284 
1 190 B. he 54 8442 —09 +16 80 10 1.1 —14 41.0 271 








The quantities in the columns a and b are given for the purpose of making 
these predictions useful for any place within 200 miles of the point indicated. 
The procedure is as follows: Subtract the longitude of the point given from 


the longitude of the place in question; multiply the result in degrees, taking the 
signs into account, by the quantity under a for the star to be observed; similarly, 
with the latitude, using b; apply the sum of the products, with its proper sign, to 
the Greenwich C.T., and obtain the predicted Greenwich Civil Time for the phe- 
To obtain Eastern Standard Time it is 
Central Standard Time, six hours, etc. 


nomenon at the place of observation. 
necessary to subtract five hours; 
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Asteroid Notes 


By HUGH S. RICE 


Asteroid Notes will appear again in the following issue. 





Comet Notes 
By G. VAN BIESBROECK 

There is little to report about cometary activity at this time. PErtopic CoMET 
ENCKE remains in reach of observers in the southern hemisphere only. The search 
for the expected PErtopic Comet 1927 VI (GALE) should be continued. As seen 
from the ephemeris given on p. 59, observations should be made in the morning 
sky before sunrise. The brightness should be increasing so that the recovery can 
be expected before long. 

Circular No. 22 of the Pulkovo Observatory (October, 1937) brings a new 
contribution by S. K. Vsessviatsky to the subject of the brightness of comets. It 
is unquestionable that this brightness is due to the sun but the nature of its 
changes is not completely accounted for. The brightness itself is difficult to define 
physically. It is best characterized by the total light, integrating the parts con- 
tributed by the nucleus, the coma, and even the tail. An accurate measure of this 
total light-energy could be obtained by a photoelectric process but this would be 
limited to the brightest objects. In order to determine the character of the light- 
changes it is necessary to follow the comets over large ranges of distances from 
the sun, which means at times down to faint magnitudes. 

In spite of many difficulties such as sky illumination, moon-light, twilight, and 
peculiar shape of the comets, the author recommends, as the most satisfactory way 
of estimating the brightness, the extra-focal method, mentioned at various times 
in these notes. 

While there is no reason to doubt that the total brightness of the comet will 
vary according to the inverse square of the distance from the observer, the varia- 
tion as a function of the distance from the sun is much more complex. In most 
cases a variation according to a much higher power than the square is indicated. 
Whenever the observations cover enough of a range in heliocentric distance so 
that this power can be determined, the author reduces the brightness of the comet 
to unit distance from the sun as well as from the earth and thus obtains what he 
calls the absolute magnitude of a comet. In recent years Vsessviatsky has pub- 
lished such absolute magnitudes from as many as 87 comets, adopting a variation 
in inverse ratio of the fourth power of the heliocentric distance. This is only a 
rough average: there are differences before and after perihelion; there are many 
short-period changes which are obviously not simply related to the changes in dis- 
tance. All in all, neither perihelion distance nor the absolute brightness itself 
seems to be correlated with the rate of change of the heliocentric distance. But 
the author finds the new fact that the rate is related to the position of the object 
in such a manner that comets near the general plane of the solar system show 
more rapid changes in function of their heliocentric distance as compared with 
comets of high inclination moving in circumpolar regions. 

There is still a great need of further data on the subject and the importance 
of systematic observation of the brightness of comets cannot be too much em- 
phasized, 

Williams Bay, Wisconsin, February 21, 1938. 
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Meteor Notes from the American Meteor Society 
By CHARLES P. OLIVIER, President 


In making out the annual report for 1937, in the tables that follow, brief credit 
will be given to individuals and groups who have helped by unselfish work to make 
the past year one of real progress for the A.M.S. Already, in various numbers of 
these Notes, special acknowledgment has often been given for reports that are 
better or more complete or that contain data of special interest. However, I have 
recently received the amended reports for the years 1931-1936, as well as the full 
report for 1937, from J. Wesley Simpson, our regional director for Missouri-S, 
Illinois. These reports, which, in their preparation alone, took an immense amount 
of hard work, present such a splendid record of achievement, that I shall give a 
brief résumé of them all. This group alone has done far more meteor observing 
than is done annually, so far at least as publications show, in some of the larger 
European countries. They cannot be too highly commended for this outstanding 
record. Much of the credit naturally goes to Simpson who has been their leader 
and who has spared no personal effort to make his group keep up their interest. 


Missourti-S, ILtinois Group 





Year Observers Nights Hours Meteors 
1931 3 21 48.4 987 
1932 28 64 159.7 3,055 
1933 31 51 221.5 5,533 
1934 82 141 748.3 10,821 
1935 50 100 486.4 5,621 
1936 41 80 316.9 6,959 
1937 26 289.4 4,883 
235 2270.6 37,859 


As we have been for years, we are under many obligations to both the Hydro- 
grahic Office, U. S. Navy, and the U. S. Weather Bureau for close co6peration 
and the sending to us of hundreds of reports on fireballs and other meteoric phe- 
nomena, received directly by them. Also to many members of the A.A.V.S.O. 
for kindly keeping records of all telescopic meteors for us. Others of that Society 
are urged to follow the good example set by their fellows. Such codperation would 
take little time for each observer but would be very valuable for the A.M.S. 

We have several active regional groups and the director of each is supposed 
to be responsible for his territory. The following are those who have succeeded 
in organizing cooperative work: 

Armfield, L. E., Wisconsin-N, Illinois, 1410 N. Marshall St., Milwaukee, Wis. 

Anyzeski, V., Connecticut, 19 Pardee St., New Haven, Conn. 

Braun, Prof. M. L., North Carolina, Catawba College, Salisbury, N. C. 

Kusner, Prof. J. H., Florida, University of Florida, Gainesville, Florida. 

LaPaz, Prof. L., Ohio, Ohio State University, Columbus, Ohio. 

Monnig, O. E., Texas, 312 W. Leuda St., Fort Worth, Texas. 

Pruett, Prof. J. H., Northwest U. S. A., University of Oregon, Eugene, Ore. 

Simpson, J. W., Missouri-S. Illinois, Locksley Obs., Webster Groves, Mo, 

Wilson, L. J., Kentucky-Tennessee, 1606 Woodland St., Nashville, Tenn. 


Other men have been active as directors in the past, in these or other states, but 
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have only reported individually in 1937. The writer himself acts for the region 
Pennsylvania-New Jersey-Delaware-Maryland-Virginia. It would be of immense 
service if we could organize active cooperating groups in states, as for instance 
California, where we have many members. But a leader is necessary with enough 
interest and ability to do the work. 
y This annual report contains nearly twenty-three thousand meteors. For a 
: third or fourth of these plots are available; the rest are counts for rates. About 
“edi a thousand belong to 1936 but came too late for inclusion in past reports. Simi- 
a larly some reports of 1937 work will have to appear later. In the table, only the 
” , names of persons who have reported at least 30 meteors appear. The names of 
wes some of the rest have been previously mentioned in these Notes. An asterisk * by 
eis the name means the observer is known to have plotted his meteors ; two asterisks ** 
have ' — of . ata ar S 
Full that he plotted a good percent. In some other cases the data are not at hand, as 
a yet, to decide this point, particularly in the cases of the Missouri-S. Illinois ob- 
ss servers. 
ount TABLE I 
“<s TABLE 
ving j Name and Station Nights Meteors 
rger *Arslanian, L., San Jose, California lariat toes 6 Sebidin =e Reo cm so bs 5 66 
ding *Anyzeski, V., New Haven, Connecticut 25 862 
**Blumberg, A., College Station, Texas ................e.00- 2 62 
ader Brady, J. F., Webster Groves, Missouri 15 377 
st. Burke, J., Louisville, Kentucky ................cccccccceees 1 58 
oA RG EE ee eee 2 50 
Bowman, J. L., and group, Kansas City, Missouri ........... 1 297 
rare, 3., TORO, TERRSRS ogc oik ccc cccccccsceccceassaciwer 1 58 
Women, ©, SOC, PROPOR 6 ack <6 iocicc vend aavscescoscceconcs 1 Kf 
Bruggemann, H., St. Louis, Missouri ...................00- 21 415 
Burgie, B., Brewster, New York ..............ccceccccccecs l 47 
Conn, B., Webster Groves, Missouri 6 101 
**Dole, R. M., Scarboro Beach, Maine 15 621 
Doolittle, L. L., Stony Creek, Connecticut .................. z 64 
Ellison, Miss M., Webster Groves, Missouri 25 522 
Friton, E. E., Webster Groves, Missouri ................005- 16 259 
SPaguener, 19., TPEUNRIG, PIOPIGR. ooo ik cso c5io asec rescewscsesce 1 37 
Garland, Mrs. L. R., Salisbury, North Carolina ............. 1 38 
aro Coranem, 1, W., Salem, Oremon oo... occ sc vccwcsess cocsses 1 244 
‘ *Green, G., Pittsfield, Massachusetts 9 187 
2 **Holt, W. L., Scarboro Beach, Maine .............00.ee0eee- 3 292 
phe- Hicks, Miss C., New York City ..............ccccecceceees 2 43 
S.0. Hardy, S., Fire Creek, Wisconsin .......5...6.06.c00sccceeee l 71 
ciety ; *Hunter, D., Eugene, Oregon 3 230 
ould ee ES re eee 44 252 
ee ee a eS a re 1 55 
ee ee ee a en 1 96 
osed ; Jewett, Miss M. L., Grandview, Tennessee ................. 5 66 
eded *Kent, J. T., College Station, Texas 12 323 
oe ee ee 44 467 
oe ee ee ee 11 74 
Wis. MNO RR ONY, ERE ROMER 6. 15 o:5 o,0ie, 0:4. ssialeisnnsjomcbivinrsaaeias 4's 1 41 
**Kusner, J. H. (Florida Group, 1936), Gainesville, Florida. . 483 
Leerman, J., Baltimore, Maryland ...............cesececeess 13 218 
Landau, J., Louisville, Kentucky ites 1 36 
Lindsay, P. M., Los Angeles, California z 204 
PTR TOTO, TEBIY oi ons. o0c.b con 5sduisadneessieenacces 57 1290 
re. Mitchell, Mrs. C., College Station, Texas 5 165 
), : Montgomery, E., Louisville, Kentucky 3 65 
Martens, Miss K., Pierre, South Dakota 1 97 
Martens, Miss R., Pierre, South Dakota .................2.- 1 108 
_ but Moore, W. L., Louisville, Kentucky ................-eeee00s 6 109 
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Name and Station Nights Meteors 
McCrocklin, B., Louisville, Kentucky ...............0eeeee0- 1 56 
“Neate, J. J., New Haven, Connecticut .....20.000.saceec.e00- 6 9 
*Newton Observatory Group, Meadville, Pennsylvania ....... z 405 
O’Keefe, Miss A., Pierre, South Dakota .................:. ] 115 
Pruett, Mrs. H. * I I a sa ons oa deieeeusieeieee 3 163 
*Parker, Fr. ch, Ooltewah, IN 525 5.6. whic Riasbighers itd wey ike 4 51 
*Rademacher, Mrs. G. "i Cutchoque, New York ............ - 60 
With, T. Wa, VitiRG, INOW JOTBEY ....0.ccccvescccscacscevc 9 44 
mate, C. ., Waterloo, Mew York «0.5... ccccccccccccscces 4 227 
PStacenoie, F1., Sat TOG, CAOMPOTOIe 4... cc cccicsasccscessces 4 112 
*Stevens, R. E., Daytona Beach, Florida .................... l 134 
**Simpson, J. W., Webster Groves, RCE 26 1076 
Senne, J. H., Robertson, ee re ere 25 317 
Shapinsky, Miss M., Louisville, Kentucky .................. 5 61 
*Stone, W. R., Santa Barbara, California Pectean ers etext aan ise 4 46 
Thompson, Miss F., Eugene Oregon ..................0005: 3 127 
Thompson, Miss B. J., Eugene, Oregon .................... 2 93 
‘Thompson, Diss MH. Eugene, Oregon. ........05....0sc0cseseces 3 129 
Oe Be i PN, PIED: ocisie-ca aoe scancaasivaseceecebdace 16 711 
ROGIOE, FA, EA, BEUWOOE, TESOBRD a oie iocsiscaics cceecsssecscecens 1 58 
*Tomkins, T. K., North Hills, Pennsylvania ................. 6 80 
WIG, Dike SNUG, OMRON, oases cies se cccecscces cece te 1 74 
Wanoent, §, T. tieuiswine, Rentuckey « ..... ccceccccces cscs 1 31 
*Whitney, B. S., Norman, Oklahoma .....................6- 19 302 
Washburn Observatory Group, Madison, Wisconsin......... 1 4] 
TW, Fis, EGO Armless, COTOPIIR ooo. oo o.o.s:sicisaes csscassee'e 5 346 
W alsh, A., IS KOON, WW IMCONGIN oo.o.ccc o:6.5500 becwasiewesecacs Zz 81 
Wentworth, W., New Haven, Connecticut .................. 1 30 
Zahner, D. D., Webster Groves, Missouri ................... 3 117 
Missouri-S. Illinois Group (15 observers) ................. 417 
Wisconsin-N. Illinois Group (8 observers) ................. 220 
Perseids 166 observers or groups, not in A.M.S.)......... 6861 
eS ere ee eee errr 606 
Pee ac aide pcre even save a Were te wineries arb Es aide 275 
PUI 65565 ore go wiastovauurs nase Meade dumanunia cao wen aes 12 
22,755 


TABLE II 


TELESCOPIC METEORS 








Name and Station Meteors 
Ashbrook, J., Baltsmore, Maryland ........ .6:c6ccc0cscd ccasenans 1 
Brockmeyer, C., Fredonia, Kentucky ................csceecee- 3 
RR, Ns CR NERO on 0 sus. 5.-0 se dsbne wad aaledleceies'vees 9 
RON, OE, Sy POUR, BUND annonce view decd caseescoveeds 4 
COOK, AF ., Westheld, Dew Feeney oxc x. ccccscwceccaseccecscees 13 
Flower Observatory, Upper Darby, Pennsylvania............. 17 
Jones, ©. Fi., Goltstown, New York oo. .scccéccesccss sccensses 26 
mormpeerecic, Ge, Fi, New York Cig oocscic csciccsvcssccocvess 29 
IN I NN ncn inc dc oc oesw ned mae aiaiens cas 3 
Morris, W. R., Constantine, Michigan ..................ce00. y 4 
Rosebrugh, D. W., Poughkeepsie, New York ................. 3 
Simpson, J. W., Webster Groves, Missouri ................... 1 

WERE, GE, SUMO, FRIED 6 onic sc cccd cc accknwececccvusercces d 


Grand Total for 1937 





Flower Observatory of the University of Pennsylvania 
Upper Darby, Pennsylvania, 1938 February 10, 
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The Effect of Distance on Reports of 


Meteors Bursting* 
By C. C. WYLIE 


For several years we have known that, for some meteors, there was a definite 
correlation between the distance of the observer from the meteor and his report on 
bursting. The nearer observers might report a disappearance without bursting, 
although all the more distant observers report a definite bursting. 

Recently, we have made an examination of reports on 27 meteors for which 
we had sufficient data. These meteors were divided into three classes: first, those 
for which practically all observers with a good view reported bursting; second, 
those for which a correlation existed between the observer’s distance from the end- 
point and his report of bursting or non-bursting; and third, those for which prac- 
tically no observers reported bursting. The hearing or not hearing of detonations, 
of course, does not enter in this discussion. 

For ten meteors, practically all of a considerable number of observers reported 
bursting. Of these, in general, not more than one or two per cent of the reports 
were discordant. For these discordant cases reporting no bursting, we nearly al- 
ways had another observer from the same town reporting a definite bursting. In 
one instance, we know the explanation is that the person who did not see the burst- 
ing had poor eyesight. We believe it is safe to assume that all reports of non- 
bursting on these meteors are due either to poor eyesight or to poor observing 
conditions. 

For five additional meteors, the evidence indicates that all observers with a 
good view and with good eyesight saw bursting, but the information is less com- 
plete, or slightly more discordant. The Archie, Missouri, meteor of August 10, 
1932, (daylight), is included in this class. Most observers reported bursting, none 
reported non-bursting, and the meteorites recovered show that this meteor did 
burst. The Tilden, Illinois, meteor of July 13, 1927, (daylight), is included as one 
with less complete information. A definite bursting was reported, no observer re- 
porting a definite non-bursting, and we know from the meteorites recovered that 
the meteor did burst. 

For nine meteors a correlation existed between the observer’s distance from 
the endpoint, and his report of bursting or non-bursting. The meteor of July 25, 
1929, is one of this class. We received reports from six observers within a radius 
of 90 miles of the endpoint. Only one of the six reported bursting. He saw the 
meteor from inside a lighted room, and further, he sent in his report more than a 
month after the fall of the meteor. There is a possibility that his report was col- 
ored by reports of bursting published in the newspapers. From outside this radius 
of 90 miles, however, all who made a definite statement on bursting or non-burst- 
ing reported bursting. Scores of intelligent observers were included in this list. 
Professional astronomers were included with the more distant observers reporting 
bursting, and with the nearer observers who reported non-bursting. 

The meteor of October 15, 1929, which dropped meteorites near Beardsley, 


*Read before Section D of the American Association for the Advancement of 
Science on December 29, 1937. The term burst is used here because explode im- 
plies noise as well as bursting. Most bright meteors burst, but without detonation, 
and a meteor might be detonating without bursting. A bolide is a detonating 
meteor, but it does not necessarily burst. It should not be defined as a meteor that 
explodes, since that implies that bursting makes the noise. 
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Kansas, is in this class, From within a radius of 50 miles all observers reported 
non-bursting. But from a distance of more than 100 miles, observers reported 
bursting. The meteorites recovered show that this meteor did burst. 

The Paragould meteor of February 17, 1930, is in this class. We interviewed 
three observers who were within 50 miles of the endpoint. All reported that the 
meteor disappeared without bursting. ‘An intelligent observer at a distance of 
about 70 miles who saw the meteor from a lighted freight yard reported that he 
saw the meteor burst into three pieces. Another observer at a distance of about 
120 miles also reported bursting. No observers at a greater distance had a clear 
view of the endpoint as this meteor burst at the very low altitude of five miles, 
The meteorites recovered show that this meteor did burst. 

The meteor of January 24, 1934, is in this class. We interviewed a number of 
observers within a radius of 30 miles of the endpoint. These reported no bursting, 
However, outside of a radius of 50 miles, all observers making a definite statement 
reported bursting. A similar meteor is that of October 24, 1931, where we had 
some observers under 50 miles reporting non-bursting, but none under 60 miles 
reporting bursting. Beyond that radius, all observers making a definite statement 
reported bursting. 

For two meteors, however, we have a reverse effect. For the meteor of Nov- 
ember 27, 1929, a few close observers report bursting while all definite statements 
from 35 to 180 miles report no bursting. The meteor of February 22, 1935, is the 
other of this type. A few observers 10 to 60 miles from the endpoint report burst- 
ing, but beyond 100 miles, all definite statements report no bursting. 

For only three meteors do we find practically all observers at all distances re- 


porting that the meteor did not burst. The meteors in the previous class indicate 
that to make a positive statement, one should have several definite reports on burst- 
ing or non-bursting from near the endpoint of the meteor, and several from dis- 
tances of more than 100 miles. For these three meteors the information is fairly 
complete, but not sufficient to be absolutely sure that they did not burst. 


SUMMARY 


A number of fireballs for which we have reasonably complete data have been 
classified according to the reports of bursting or non-bursting. The largest class 
is those for which it appears that all persons with a good view of the endpoint and 
with good eyesight could see a definite bursting. The second largest class includes 
meteors for which a distance effect is apparent. For most of these, observers near 
the endpoint reported that the meteor disappeared without bursting, while more 
distant observers reported bursting. For two of these, however, we have a reverse 
effect. The nearer observers reported bursting while the more distant observers 
could see no bursting. The smallest class, with only three meteors, includes those 
for which all observers making a definite statement report no bursting. 

The reality of the distance effect cannot be doubted, for it is present on two 
meteors which dropped meteorites. The nearer observers reported non-bursting, 
the more distant observers reported bursting, and we know from the meteorites 
dropped that the meteor did burst. 

A possible explanation of the more common effect is a momentary dazzling of 
the eyes of the nearer observers by the intense light just before bursting. For the 
more distant observers, the light is less intense because of distance and because of 
absorption, so that the fainter pieces after bursting can be seen. The fact that for 
daylight meteors, all observers report bursting, is in agreement with this suggestion. 


University of Iowa, February 22, 1938. 
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The Determination of the Age of Iron and Stony Meteorites 
from their Radioactivity* 
By Rosiey D, Evans, 
Department of Physics, Massachusetts Institute of Technology, Cambridge 
ABSTRACT 


Observed meteor and meteorite velocities (Opik, Boothroyd) indicate that a 
small fraction, perhaps in the neighborhood of 15 percent, of all meteorites strik- 
ing the earth are of extra-solar origin. Helium-radium age measurements (Pan- 
eth, Urry, & Koeck) on 23 iron meteorites, none of which was of known helio- 
centric velocity, disclose a uniform distribution of last-solidification ages with no 
ages clearly greater than the age of the earth. Thus, either the specimens are all 
from the solar system, as Paneth proposed, or the galactic system is of the same 
age as the earth. Two critical experiments are in progress, based on the follow- 
ing evidence. The abundance-ratio of the C, O, Si, Cl, Fe, Co, and Ni isotopes in 
meteorites has been studied by various workers, and is found to be the same as 
in the terrestrial elements. Moreover, the ratio of the two independent isotopes of 
uranium, ».U** and ,,U™, is the same in all terrestrial specimens, regardless of 
the geologic age of the mineral in which they are found. It is therefore taken as 
a reasonable premise, but regarded as a working assumption only, that the original 
isotopic ratio of any element is a constant of nature and is independent of its place 
of origin in the galactic system. Measurements of the actinouranium vs. uranium I 
activity-ratio, and of the specific activity of potassium, are in progress on stony 
meteorites selected for their known heliocentric velocities. Some of these are of 
extra-solar origin while others are solar-system meteorites. The final results of 
the analyses give the difference between the age of the atoms in the meteorites and 
the same type of atoms in the earth. The method is independent of all influence 
from varying chemical and physical conditions during the history of the meteorite, 
as it deals entirely with isotopic ratios. The study of both the AcU, UI ratio and 
the K“, K* ratio provides an independent check on the basic assumption of the 
method. The apparatus, technique, and mathematical background for these ex- 
periments are fully described. The announcement of the numerical results of 
these analyses is deferred until all the observations and control runs have been 
repeated many times, in order to assure their complete reliability. 


INTRODUCTION 
Particularly since the pioneer work of Schiaparelli, nearly a half century ago, 
the study of meteors has grown to be an important branch of astronomy, cosmog- 


*A review of completed and current research on the velocity-distribution and 
age of meteorites, delivered at the Fifth Annual Meeting, June, 1937 
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ony, and physics. As a result of thousands of careful astronomical observations 
and many painstaking chemical and physical analyses on meteorites, a few gener. 
alizations can be made on the properties of these bodies. Most of the meteors 
seen in the night sky are caused by small bodies having a mass of only a few 
milligrams, which give up their large kinetic energy in the form of visible radiant 
energy as a result of friction with the earth’s upper atmosphere. The mean height, at 
the center of the visible trajectory, varies usually from 75 to 100 kilometers above 
sea level. The exact distribution in size? of meteorites is still unknown, but there 
is no reason to believe that it is discontinuous. Apparently meteorites of all sizes 
may exist. The bright meteors, known as fireballs, are produced by bodies which 
may be of sufficient size to penetrate the earth’s atmosphere completely, and land 
on the earth’s surface, usually in many fragments. In unusual cases these “fire- 
ball” fragments, or fallen meteorites, may weigh several tons. Meteorites there- 
fore constitute our only supply of actual samples of extra-terrestrial astronomical 
substances. 

Much interest properly attaches to the chemical and physical studies which 
can be made on these specimens. The general result of numerous chemical studies 
is that meteorites contain no new chemical elements, not already found in the earth. 
They do, however, contain a number of new minerals, a study of which reveals 
that meteorites were formed in a water-free and oxygen-free environment. On the 
basis of their chemical composition, meteorites may be roughly divided into three 
major classes: stony, stony-iron, and iron. The stony meteorites correspond 
roughly to ultra-basic terrestrial rocks, while the iron meteorites are primarily 
pure iron, and the stony-irons are intermediate. Extensive chemical studies and 
average values for the relative abundance of the various chemical elements in 
meteorites have been given by Hevesy.* 

The origin of meteorites remains incompletely explained. In physical and 
presumably chemical characteristics meteorites resemble the earth’s core. They 
are not sufficiently high in silica to resemble the more acid earth’s crust. We do 
not know whether to regard meteorites as fragments of larger astronomical bodies, 
or as entirely discrete bodies which have never been associated with other solid 
matter. Possibly there are representatives of both classes among meteorites. As 
we shall soon see, observations of the velocities of meteorites show unambiguously 
that some of them come from outside our own solar system. Others are members 
of our system and describe elliptical orbits around the sun. These belong to the 
meteorite swarms or meteor showers, and the spectroscopic observations of Mill- 
man* show that they are usually of the stony variety. On the other hand, the 
“sporadic meteors” are more usually of extra-solar origin, and are produced most- 
ly by iron meteorites. Meteorites are said to be extra-solar when their observed 
heliocentric velocities, at the earth’s distance from the sun, exceed 42.4 kilometers 
per second. At such high velocities they can overcome and escape from the sun’s 
gravitational field, and they are therefore not members of the solar system. These 
generalizations are summarized in Table I. 


TABLE I 
GENERALIZATION OF MILLMAN’S OBSERVATIONS 
Usual Usual 
Velocity Orbit Radiant Class 
Under 42.4 km./sec. Elliptic Shower Stony 
Over 42.4km./sec. Hyperbolic Sporadic Iron 


The most completely studied extra-solar meteorite of all, Pultusk, is a typical 





—.. 


ations 
gener- 
eteors 
a few 
adiant 
ght, at 
above 
: there 
1 sizes 
which 
d land 
. “fire 
there- 
omical 


which 
studies 
- earth, 
reveals 
On the 
o> three 
espond 
imarily 
ies and 
nts in 


al and 

They 
We do 
bodies, 
r solid 
es. As 
Zu0usly 
embers 
‘ to the 
»f Mill- 
nd, the 
d most- 
bserved 
ometers 
he sun's 

These 


Meteors and Meteorites 161 





stone, and thus constitutes a notable exception to the generalization of Millman’s 
spectroscopic data. 


VELOcITY-DISTRIBUTION OF METEORS AND METEORITES 

The fireball catalog of von Niess] and Hoffmeister,’ finished in 1925, repre- 
sents the life work of von Niessl, and contains some of the best available evidence 
on 611 great meteors. In this catalog 79 percent of the heliocentric velocities are 
hyperbolic. Thus, if.these data are accepted, the great majority of the very large 
meteors are extra-solar, and hence a large fraction of all collected meteorites also 
would be extra-solar. A careful review of all the evidence by the late Willard J. 
Fisher® leads to the conclusion that a systematic over-estimation of geocentric, and 
thus heliocentric, velocities was probably involved in the observations comprising 
von Niessl and Hoffmeister’s catalog. An extensive program of observations on 
the velocities and heights of meteors was undertaken by the Arizona Expedition for 
the Study of Meteors. Visual observations, using a rocking mirror for a time 
scale, were made by Ernest Opik and several associates’ from October, 1931, to 
July, 1933. In this case, any systematic error due to the eye’s following the meteor 
would reduce the heliocentric velocity. Approximately 22,000 individual meteors 
were observed. Opik has tabulated the distribution of heliocentric velocities for 
279 naked-eye meteors observed by himself. Of these, some 70 percent had veloci- 
ties apparently greater than the velocity of escape from the solar system. These 
results are presented in the histogram of Fig. 1, which shows also the results of 

142.4 KM/ SEC 
HYPERBOLIC 
OPIK: 279 NAKED-EYE METEORS 
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IN mount SECOND 
Ficure 1 
DistRIBUTION OF Heliocentric VELOCITIES FOR NAKED-EYE ME- 
TEORS (MAGNITUDE EQUAL TO OR GREATER THAN 4), AND FOR TELE- 
SCOPIC METEORS OF AVERAGE MAGNITUDE 6.5 AND 8.5 


S. L. Boothroyd’s telescopic observations® of 580 meteors at the Lowell Observa- 
tory, Flagstaff, Arizona, taken with the rocking-mirror technique between Novem- 
ber, 1931, and April, 1932, as a part of the same Arizona Expedition program. 
From Fig. 1 it is seen that the largest observed velocities in all three of the 
brightness categories, are of the order of 200km. per sec., suggesting that all of 
the bodies which produced these meteors belonged to our own galactic system 
(because the galactic rotational velocity of the earth is about 275 km. per sec.). 
Secondly, there is positive evidence for the existence of hyperbolic, i.e. extra- 
solar, meteors. Third, the percentage of these high-velocity meteors decreases 
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with increasing brightness. “Sporadic meteors” represent about 80 percent of the 
number studied; and only about 7 percent are known to belong to the major 
showers. 

None of these meteors was sufficiently bright to be classified as a fireball. It 
is therefore probable that few if any of the observed meteors resulted in a col- 
lectible meteorite. Put differently, the velocity-distribution of fireballs and true 
meteorites is still unknown. Extrapolation of the Arizona Expedition’s results 
from naked-eye meteors to the vastly larger meteorites is very uncertain, but sug- 
gests qualitatively that some fractions of all collected meteorites are indeed of extra- 
solar origin. The estimated percentage of high heliocentric velocities for meteors 
of various brightness, as given by Opik,’ is shown in Table II. 


TABLE II 
DISTRIBUTION OF METEOR VELOCITIES BY MAGNITUDES (Opik) 


Magnitude 2.5 4.5 6.5 8.5 
Percent of meteors 

with heliocentric 30 45 56 87 
vel. exceeding 62 km./sec. 


This table suggests that perhaps 15 percent of the meteorites striking the 
earth are of extra-solar origin. To this evidence may be added the as-yet- 
unpublished observations of Dr. F. L. Whipple of the Harvard College Observa- 
tory,” who used two cameras equipped with a “light-chopper” shutter, at the ends 
of a 24-mile base line near Cambridge, Massachusetts. The merit of these velocity 
observations is their quality rather than their quantity. Of five very bright 
meteors, approximate magnitude —4, four were definitely solar, and one was very 
probably of extra-solar origin. 

Reliable velocity data are painfully scarce on collected and identified meteorite 
falls. However, from the data of Galle,” we may be quite certain that the Pultusk 
stones represent really extra-solar material. The von Niessl and Hoffmeister fire- 
ball catalog included velocity data on 7 meteorites (of which 2, Rochester and St. 
Michel, are very uncertain and 3 appear to be extra-solar). These data are shown 
in Table III. 

TABLE III 
METEORITE HELIOCENTRIC VELOCITIES (von Niess] and Hoffmeister) 

Cat. No. Name Vn 
41 Pultusk 56 km. per sec. 
55 Homestead 40 
148 Krahenberg 
155 Orgueil 
506 Rochester 
531 Treysa (iron) 
556 St. Michel 

RADIOACTIVITY AND THE HELIUM AGE OF IRON METEORITES 

As stony meteorites have a general chemical composition similar to that ot 
ultra-basic terrestrial igneous rocks, it is no surprise that they extend this simi- 
larity to the heaviest (radioactive) elements. It is generally known that there 
exist in nature more than forty elements which are naturally radioactive, i.e. those 
which spontaneously disintegrate into other chemical elements. Most of these ele- 
ments are members of one of three principal radioactive series, designated the 
uranium, thorium, and actinium series. For the present discussion, the uranium 
series is the most important of these. 
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A typical meteorite will contain something of the order of 10°’ g. of uranium 
I per g. of meteorite. For every one of these uranium atoms, there is a chance of 
4.77 X 10° (about five in a million-million-million) that during any given one- 
second interval, the atom will spontaneously disintegrate into an atom of helium 
plus an atom of a new chemical element called uranium X,. At this rate, one half 
of any given initial stock of uranium I atoms will have disintegrated in 4,600 mil- 
lion years. The decay products of uranium I also are radioactive, but have enor- 
mously shorter half-value periods. Hence, in discussing time intervals of the 
order of many millions of years, the decay rate of uranium I is all important. Any 
atom disintegrating out of the uranium I state will undergo a number of subse- 
quent spontaneous disintegrations, and, after creating a total of eight atoms of 
helium, it will become a stable atom of lead. 

The rate of decay of each radioactive substance is a definite constant, which 
can be established by careful laboratory experiments, and which cannot be altered 
by terrestrially available extremes of age, pressure, temperature, or chemical 
action. The radioactive processes therefore constitute a clock having an absolute 
and unalterable time axis. The specific rate of production of helium by uranium 
is accurately known. Measurement of the total amount of helium accumulated in 
any period of time, divided by the actual rate of production of helium in the 
specimen, gives the age of the specimen. (A small correction for the gradual 
wearing-out of the parent uranium is easily made.) 

Radioactive equilibrium is present in all ancient and confined sources of 
uranium. Then the amount of each decay product is strictly proportional to the 
amount of the parent uranium present. In the case of radon, e¢.g., just as many 
atoms of radon are formed per hour as disintegrate. The net amount of radon 
remains unchanged, and is proportional to the number of atoms of its parent 
uranium. Radon is a heavy, chemically inert gas, and hence it can be separated 
quantitatively from any solid specimen, such as a meteorite. After its separation, 
the radon can be measured by means of its ionizing effect on gases, due to its own 
radioactive decay. Finally the amount of radium and of uranium I in any speci- 
men can be computed from these observations on its associated radon. This is the 
essence of the “emanation method” of radium and uranium analysis." The sensi- 
tivity of the method can be seen from the fact that the total amount of radon is 
usually of the order of 10% grams. 

In Table IV, all published radium analyses of meteorites are briefly summar- 
ized. These establish the radium or uranium content of stony meteorites as being 
slightly less than that of ultra-basic terrestrial igneous rocks. 


TABLE IV 
RapiumM Content 1N 10™ g. Ra per g. METEORITE” 
Each entry is the average radium content of the number of speci- 
mens given in the associated parenthesis ; e.g., Paneth and Koeck’s 
average for 23 iron meteorites is 0.032 X 10°" g. Ra per g. of 
meteorite. See ref. 12 for literature. Asterisk = composites. 


(1906) (1913) (1917) (1925) (1931) (1931) 
Quirke & Paneth & 
Class Strutt Holmes Finkelstein Halledauer Holmes Koeck 
(1) (16) (5) (33) Comp.(20) 
Stony 1.12 0.25 0.76 0.73 0.59 0.118 
(2) (8) 
Stony-iron .. *0.10 0.68 on 0.34 - 
(2) (5) (15) (15) (23) 
Iron 0 *0.00 0.06 0.055 0.036 0.032 
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In 1930 Professor Fritz Paneth and his students, W. D. Urry and W. Koeck, 
completed radon and helium analyses on some 23 iron-meteorite specimens.” As 
no suitable method existed for measuring the thorium content of the specimens, it 
was assumed to be negligible. A re-investigation of the entire subject is now in 
progress in Professor Paneth’s new laboratory in London. The actual production 
of helium by thorium in the specimens amounts probably to about 30 percent of the 
total helium, and hence to a possible 30-percent over-estimate of the age of the 
specimens. The helium content of these meteorites is of the order of only 
10-°cm.* per g. of meteorite, and direct heating experiments on some of them 
showed that they lose only about 5 percent of their helium when heated to a tem- 
perature of 1000° C. for 3 hours. It is therefore assumed that in the course of 
astronomical time, their very low temperatures and compact crystalline structure 
have completely prevented the escape of helium. Fig. 2 presents the results of 
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Ficure 2 
AcE DISTRIBUTION OF IRON METEORITES, BASED ON THE HELIUM-RADIUM RATIO 
It must be emphasized that all these values are maximum ages, on account 
of the absence of thorium analyses. The true ages may be as 
much as 20 or 30 percent lower. 


these measurements, It will be noted that there is an essentially uniform distribu- 
tion of ages from a maximum of 2800 million years down to essentially zero (1. 
100 million years), with no tendency to grouping about any favored time. 

The possible interpretations of these observations are of importance. At the 
time the work was done there was considerable doubt in many quarters as to the 
reality of the existence of meteors and meteorites having such high heliocentric 
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velocities that they could be taken as extra-solar. Secondly, the doctrines of 
Jeans, advocating an extra-solar universe having an age of 10” to 10° years, were 
in some vogue. Since radioactive measurements had shown the earth to be about 
2to 3 X 10° years old, it appeared to Paneth that any extra-solar meteorites should 
have an age clearly greater than the age of the earth. Since none did, the experi- 
ments were first interpreted as proving that iron meteorites originated in the solar 
system. 

There are two revisions necessary in the premises underlying this interpreta- 
tion. First, the subsequent velocity-determinations, already discussed, have shown 
that a number of meteorites do come indeed from outside the solar system. Sec- 
ondly, the long time-scale of Jeans has been discredited by subsequent workers, 
who agree that all astronomical data support the short time-scale of 10° to 10” 
years. Thus, the stability of galactic clusters, the stability of wide binaries, the 
red-shift in extragalactic objects, and other phenomena are compatible with a 
universe having essentially the same age as the earth.“ Accordingly, the helium 
ages of Paneth’s meteorites have several possible interpretations. In Fig. 2 Pan- 
eth’s data are plotted against a unaxial vertical age-scale to emphasize this uni- 
form distribution in time. A similar plot of the available age measurements on 
terrestrial surface rocks and minerals has a similar general appearance. This fact 
might at first suggest that meteorites were fragments from large astronomical 
bodies which broke up at various times in the past. As soon as the fragments be- 
came cold (i.e. reached a temperature less than about 1000° C.), they began to re- 
tain and accumulate the helium produced in them by radioactive decay. Alterna- 
tively, if each meteorite is regarded as a discrete astronomical object, which was 
never part of a larger and older body, then the conclusion would be reached that 
the formation of new astronomical bodies is a continuous process, probably still 
proceeding at a relatively uniform rate. Again, if it is admitted that some of the 
23 iron meteorites were of extra-solar origin (the heliocentric velocity is unknown 
for all), we must conclude that the entire galactic system is of about the same 
age as the earth. 

In 1932, Paneth measured the helium and radium content of a specimen of the 
Pultusk stones.” This measurement led to an age of 500 million years, but is 
unquestionably low and by an entirely unknown amount, because of the ease with 
which helium was demonstrated to escape from the porous stony mass, in contrast 
to its proved retention by compact iron meteorites. 

It is clear that the conclusions to be drawn from the iron-meteorite data de- 
pend primarily on the assumptions which one is willing to make. In view of these 
ambiguities, it seemed advisable to develop an entirely new method of studying the 
age of meteorites, and to confine attention at first to falls of known heliocentric 
velocity. 

DIFFERENTIAL AGE MEASUREMENTS* 


We have in progress an extensive program of experiments designed to deter- 
mine the difference in the age of terrestrial atoms and that of the atoms found in 
meteorites. At present Pultusk is being studied, since its heliocentric velocity 
definitely shows it to be of extra-solar origin. The method is based on the fol- 
lowing principles. 

It has recently been established that there are two independent radioactive 
isotopes of uranium; these are designated AcU or U™, and UI or U™. U™ is 


*A number of lantern slides illustrating the contents of this section of the 
paper are not reproduced here, on account of space limitations. 
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the parent of the radium-series elements, while U™ is the parent of the actinium 
series of radioactive elements. U™ decays about 11 times as rapidly as U™; 
consequently, any given mixture of the two isotopes grows poorer in U™ as time 
elapses. At the present time, the relative abundance of the two isotopes is such 
that 4 atoms of U*™ decay for every 100 atoms of U*™ which decay in the same 
time interval. Most significant is the experimental fact that this activity-ratio is 
exactly the same in the many terrestrial sources of uranium which have so far been 
examined.” This fact means probably that all terrestrial uranium is of the same 
age, and was originally of uniform isotopic composition. Neither its absolute age 
nor its initial isotopic composition is uniquely determinable, however, as they are 
clearly interrelated by the relative decay probabilities of the two species of 
uranium. At the present time the abundance of U™ is about 0.36 percent, ac- 
cording to calculations based on the relative abundance of the lead isotopes in 
certain uranium ores. Recently Professor A. J. Dempster” has obtained a brilliant 
confirmation of this prediction by using his mass spectrograph. The abundance 
has not yet been accurately determined, but is less than one percent, in qualitative 
agreement with v. Grosse’s predictions. 
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FiGcure 3 
THE RELATIVE TERRESTRIAL ABUNDANCE, ACU/UI, oF THE URANIUM ISOTOPES, 
ACTINOURANIUM AND URANIUM I, As A FUNCTION OF PAST AND 
Future TIME 
In both curves the present activity-ratio is taken as 0.040. The 
solid curve is computed for a decay constant of actinouranium 
which is 11 times that for uranium I, while for the dotted curve 
the ratio is assumed to be 10. Note that the scale of AcU/UI 
is logarithmic. 


Fig. 3 shows the computed variation with time of the relative abundance of the 
two independent isotopes of uranium, in terrestrial uranium. It will be noted that 
the ratio changes very rapidly with time, and its constancy in terrestrial sources 
emphasizes the essential chemical unity of the earth. , It will be seen also that, if 
we assume that uranium was created in another astronomical body with the same 
original isotopic composition as in the earth, the difference in age of the body and 
the earth could be read from this graph after measuring the AcU/UI ratio in the 
body. The single assumption involved in this method is that at the time of its 
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creation, all uranium, formed anywhere in the universe, had the same isotopic ratio, 
We examine the possible validity of this single basic assumption. 


TABLE V 
Isotopic STUDIES ON METEORITES 


At. No. ISOTOPES SAMPLE METHOD OBSERVER 


6 12.33 Elden Band spectra (1) 
8 16, 17,18 St. Michel 60(?) Mass spectrograph; (2) 
Orgueil 52 also 
Pultusk 56 Chem. atomic wt. 
Mocs 
Knyahinya 
Homestead 40 
28, 29, 30 Alfianello Chem. atomic wt. 
Soko-Banja 
Holbrook 
Ochansk 
Bjurbole 
Kesen 
35, 37 Glasgow ( ?) Chem. atomic wt. (4) 
54, 56, 57 Cumpas Chem. atomic wt. 3 
( 
59 CanyonDiablo(?) Chem. atomic wt. (7) 
(used 7-kg. sample) 
58, 60,61,62 Cumpas Chem, atomic wt. (8) 
(9) 
OBSERVERS 
Jenkins & King” (1936) (6) Baxter & Hoover™ (1912) 
Manian, Urey, & Bleakney” (1934) (7) Baxter & Dorcas” (1924) 
Jaeger & Dykstra™ (1924) (8) Baxter & Parsons® (1921) 
Harkins & Stone™ (1926) (9) Baxter & Hilton” (1923) 
(5) Baxter & Thorvaldson™ (1911) 


Table V summarizes the analyses which have been carried on, on the isotopic 
abundance of seven common elements in meteorites. The results show that for all 
elements so far studied (C, O, Si, Cl, Fe, Co, Ni) the relative isotopic abundance 
in meteorites is the same as in the earth. This conclusion is in agreement with the 
long-established fact that no differences in isotopic composition exist among sam- 
ples of a given chemical element taken from widely separated parts of the earth. 
Among the elements studied, the cases of carbon and oxygen are most convincing, 
for two reasons. First, the analytical methods are physical methods which are 
more sensitive and more convincing than chemical atomic-weight methods. Sec- 
ondly, these elements lie far from the flat minimum in Aston’s packing-fraction 
curve.” Almost any theory of the origin of the elements would predict the great- 
est divergences on the rising ends of the packing-fraction curve. If any variations 
are to be expected anywhere in the atomic table, they should appear certainly in 
these light elements, where the relative mass differences are also large. Moreover, 
the meteorites used in the oxygen tests were selected for their high heliocentric 
velocities and some of them are undoubtedly extra-solar. 

Terrestrial lithium contains 7.8 percent Li*®, and 92.2 percent Li’. In 1933, 
McMillan” examined the structure of the \6707.8 resonance line of neutral lithium 
in the sunspot spectrum. The photograph was taken by King with the 75-foot 
grating on Mount Wilson. In this spectrum line the isotope shift is 0.15 A. Only 
a small hump was found on the side of the Li* line, corresponding to less than 12 
percent Li®, This fact suggests that the Li-isotope-ratio is probably the same in 
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the sun as on the earth. This evidence strongly suggests that all elements, uranium 
included, begin astronomical life with the same isotopic abundance-ratios. On this 
single assumption, the mathematical statement of the present method can be com- 
pletely developed in terms of known or observable radioactive constants. It can 
be shown that the difference in the age of the uranium atoms in a meteorite and in 
the earth is given in years by: 

tm —te = 1.46 X 10° log (R.-/Rm), (1) 
where tm and te are the age of the atoms in the meteorite and in the earth, 
R. = 0.04, the AcU/UI activity-ratio observed in the earth today, and Rm is the 
same ratio measured in the meteorite. The only radioactive constants entering the 
computations are the absolute decay constants of AcU and UI, and the latter is 
well known. The numerical factor 1.46 X 10° includes multiplicatively the differ- 
ence between the decay constants of AcU and UI. Mass-spectrographic studies on 
the isotopic abundance-ratios in a selected group of radiogenic leads are now be- 
ing carried out by Dr. A. O. Nier with higher accuracy than was possible in 
Aston’s work on the same subject. Thus we shall soon have very accurate knowl- 
edge of the decay constant of AcU. Fortunately the computed age-difference de- 
pends on only the logarithm of the observed activity-ratio in the meteorite, thus 
permitting high accuracy in the final results). The method also avoids the need 
for accurate knowledge of the age of the earth, as it gives directly the difference 
between the two ages in question, without fixing a value for either. 

It remains to say a word about the analytical technique employed in these re- 
searches. We have seen earlier that a constant ratio exists between the radium 
and uranium I content of any specimen where radioactive equilibrium is present. 
More than that, the activity, measured in decaying atoms per unit time, must be 
the same for both parent and product, since equilibrium is present. Accordingly, 
a radon analysis by the emanation method suffices to fix the amount of uranium! 
in the specimen. The radon apparatus has been completely described" in connec- 
tion with our studies on terrestrial specimens. Independent confirmation of the 
radium values may be had by separating radium or uranium chemically from the 
specimen and counting by electrical methods the number of a rays (helium atoms) 
which it produces in unit time. The determination of the AcU is made with the 
same a-ray counting device. One of the decay products of AcU is protactinium, 
which has such a long mean life that its abundance in uranium minerals is 0.8 as 
great as the abundance of radium itself. The chemical properties of Pa (element 
91) have been carefully worked out by v. Grosse and others,” and its successful 
quantitative separation from a meteorite is a matter of meticulously careful chem- 
ical technique, very similar to the separation of radium from the specimen. In all 
this chemical work extreme precautions must be taken against contamination of 
the materials, reagents, and glassware by radioactive products existing normally 
in the atmosphere. With these difficulties mastered, the remaining portion of the 
analysis is straightforward. 

The separated specimen is placed in a thin layer on an aluminum disk, and the 
emitted a rays are directly counted by an electrical method which has been 
described in connection with our previous work on terrestrial rocks.” A sensitive 
vacuum-tube amplifier and recording galvanometer system record each a ray as a 
pulse on the photographic record taken by a special drum camera. Each bump in 
the resulting galvanometer trace corresponds to the disintegration of a single in- 
dividual atom of the material being examined. If we assume that the Ra content 
of Pultusk is 10 g. Ra per g. (corresponding to a minimum estimate for an av- 
erage stony meteorite), then the radium from 50 grams of the meteorite will pro- 
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duce 330 countable a rays per hour (one half are lost in the source mounting), 
while the Pa should give 0.04 X 330 = 13 a rays per hour, if Pultusk has the same 
age as the earth. 

A similar method of attack is in progress on another chemical element. The 
absolute B-ray radioactivity of terrestrial potassium is 23 8 rays per sec. per g, of 
potassium. This activity is due entirely to the rare isotope of mass 40, which has 
an abundance of only about 1 part in 9000, and hence a mean life-period of 
2.6 X 10° years. Equations and arguments entirely analogous to those developed 
for the case of actinouranium apply also to this case; hence we have: 

tm — te = 6.0 X 10°log (Ke/Ku), (2) 
where K- and Km are the specific activities of terrestrial and meteorite potassium, 
each in terms of § rays per g. of K per unit time. These activities are measured 
with a thin-walled 8-ray-tube counter. 

It is clear that agreement between the two methods of determining differential 
ages (by Pa/Ra activity-ratio, (Eq. 1), and by the specific activity of K, (Eq. 2)) 
would go very far toward establishing the basic assumption of the method, namely 
that of the constancy of original isotopic ratios in the elements. The final results 
of these analyses will be published only after the analytical work has been re- 
peated several times, in order to assure accuracy. 

The author is particularly indebted to Mr. Fletcher Watson of the Harvard 
College Observatory, for discussions and assistance in locating all the available 
evidence on meteor velocities, and the chemical-isotope studies on meteorites. 
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VARIABLE STARS 


Variable Star Notes from the 
American Association of Variable Star Observers 
By LEON CAMPBELL, Recorder 

Variation in Light of Lambda (\) Andromedae: The fourth magnitude star, 
Lambda Andromedae, suspected of variability by Mrs. M. W. Mayall, has been 
definitely proven to be a variable star through the photoelectric work of Dr. W. A. 
Calder. The star has been observed through the seasons of the years 1933 to 1937, 

The range in variation is small, about one third of a magnitude, and the period 
appears to be around 54 days, although more data will be required for a more 
exact determination. When it is recalled that the star is a spectroscopic binary, 
with a velocity period of 20.5 days, the 54 day period of light variation is rather 
remarkable, indicating as Dr. Calder states, “that perhaps one of the components 
is an intrinsic variable.” 

The plotted observations, recently published in a Harvard Bulletin, indicate a 
nearly uniform rise and fall to and from maximum, but with varying heights of 
maximum and depths of minimum. With these varying heights and depths there 
would, of course, be variations in form of light curve from one cycle to another. 
This irregularity is not unusual for variable stars with periods between 50 and 150 
days, especially for those having a K type spectrum. 

An intensive program of observations covering a long consecutive series of 
maxima with polarizing and photoelectric photometers would doubtless give us 
considerable information on its vagaries. 


Apsidal Motions in Eclipsing Binaries: Apsidal motions in eclipsing binary 
stars are of rapidly increasing interest and value to the theoretical astronomer. By 
the observed changes in the displacement of the secondary minimum with respect 
to the primary, one is able to detect the motion of the line of apsides of eclipsing 
variables not only when the motion is direct, but also when it is retrograde. Toa 
list of eight stars examined for evidence of apsidal motion by Luyten in 1935, we 
are now able to add an equal number for which there is strong evidence of such 
motion. The photographic magnitude at maximum of these stars averages 10.5, 
with spectral types for five of them ranging from B to F. Their light variation 
periods range from 1.5 days to 14.4 days, and the apsidal rotation periods are 
from 25 to greater than 2000 years. 

Of these additional stars, GL Carinae, 110960, is of especial interest. Miss 
H. H. Swope has studied the light variations of this star covering an interval of 
over forty years and she finds that the period of orbital rotation is 25 years, Thus 
about one and one half cycles have been covered and a plot of the O-C values for 
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the times of minimum, both principal and secondary, reveals nearly symmetrical 
sine curves for each, with a semi-amplitude of 0.12 day, or 1-20th the period of 
light variation. The orbit of the system has an eccentricity of 0.16. When the 
system is viewed along the major axis of the relative orbit the eclipses are equally 
spaced, and when viewed along the minor axis, the eclipses are most unequally 
spaced. Primary and secondary minima are of about the same depth, and the com- 
ponents must be nearly, if not exactly, equal in diameter and surface brightness. 


WZ Ophiucht; an Eclipsing Binary of Non-elliptical G Dwarf Components: 
A study of the available photographic and visual observations of the eclipsing var- 
iable WZ Ophiuchi by Dr. S. Gaposchkin shows for the first time a dwarf eclips- 
ing binary in which the two components are not elliptical. The period of light 
variation is double that derived by Leiner (4°.183495). The ranges of the two 
minima are essentially equal, although there is four-tenths of a magnitude differ- 
ence between the photographic and the visual light curves, the visual being the 
brighter. The two components are slightly smaller and slightly denser than the 
sun; or 0.9 and 2.1 times the sun, respectively. 


Predicted Dates of Maxima of Bright Variables of Long Period during 1938: 
The following list contains the dates of maxima for long-period variables which 
will probably attain the seventh magnitude or brighter during the remainder of the 
year. 


Designation Name Designation Name Date 


8 


001032 o> oo 133633 T Cen 
001620 < Cet 133633 T Cen 
001838 R And é 1409590 R Cen 
021403 o Cet 143227 R Boo 
022813 U Cet 7 S CrB 
022873 U Cet R Nor 
023133 R Tri R Sco 


— 


— 


061702 
081112 
082405 
(193934 
094211 
100667 
100667 
115158 
115158 
123307 
123307 


V Mon 
R Cne 
RT Hya 
R LMi 
R Leo 
S Car 
S Car 
Z UMa 
Z UMa 
R Vir 
R Vir 


RS Sco 
RR Sco 
X Oph 
R Aql 
RT Cyg 
RT Cyg 
X Cyg 
RR Sgr 
RU Ser 
RT Sgr 
T Cep 


— 


— 


_ 


132422 R Hya 233815 R Aaqr 
133706 S Vir 235350 R Cas 
133633 T Cen 


“The Nature of Variable Stars’: A book which should interest all amateur 
variable star observers has just appeared under the title, “The Nature of Variable 
Stars,” written by Dr. P. W. Merrill of the Mount Wilson Observatory. The need 
for such a book has long been felt and Dr. Merrill has to a marked degree com- 
bined readability with accurate scientific interpretation. The author carefully con- 
siders and delightfully discussed the present knowledge of variable stars. He pre- 
sents the subject in eight chapters which deal with the nature of stars in general; 
varieties of variable stars; discovery and cataloguing; light curves; physical prop- 
erties, new or temporary stars; motions; and variable stars and the stellar system. 

The book is not a technical treatise, but is instead the story of variable stars 
and the bearing they have on the problems of the universe, told in a charming, 
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easily understandable style. The Recorder recommends its perusal by all variable 
star students, whether amateur or professional. 


SS Cygni in 1937: This always interesting and peculiar variable star, SS Cygni, 
213843, passed through eight varying types of maxima, as shown in the accom- 
panying tabulation. Although there was a scarcity of observations in March, 
enough data are at hand to indicate the type of maximum which occurred during 
that month. The consecutive number of each maximum is given in the first col- 
umn, the type of curve in the second, the magnitude attained at maximum in the 
third, the approximate date of maximum in the fourth, and the interval between 
these maxima in the fifth column. 

1937 
Max. Approx. 
Max. No. Type Mag. Date Max. 
290 9.7 
291 : 
292 
293 
294 
295 
296 
297 


Interval 


It will be recalled that types A, B, C, and D refer to the speed with which the 
light increases to maximum, A indicating the fastest and D the slowest. The 
numeral following the letter is indicative of the relative widths of the maxima, 
the larger numbers denoting greater widths. Only one rapidly rising type occurred, 


and that was narrow. Between the maximum of January 3 and that of February 
5 there was a period of erratic behavior during which the light fluctuated around 
the eleventh magnitude. The mean period during the year was forty-eight days, 
slightly less than the average period of 50 days derived from a forty year interval 
of observations. It will be noted that the range in period is considerable, ranging 
from thirty to sixty-nine days. The light curve has been well enough observed to 
assume that no minima have escaped observation. 


Observers and Observations During January, 1938: The following list con- 
tains the names, together with the number of variables observed and estmiates 
made by each, as contributed during the month of January, 1938. A total of 4830 
observations by 55 observers is a commendable record for this season of the year. 


Observa- Observa- 
Observer Vars. tions i 
Ahnert 33 123 
Atchinson 1 1 
Baldwin 98 177 
Ballhaussen 14 14 Hartmann 
Bappu 38 Herbig 
Blunck Hiett 
Bouton Hildom 
Brocchi k Holt 
Buckstaff Houghton 
Callum Houston 


Observer Vars. 
Escalante 
Fernald 
Franklin 


Carpenter 
Chandra 
Cousins 
Dafter 
Deidrich 
Ellis 
Ensor 


Howarth 


Jones, E. H. 


Kanda 
Kearons 
Kirkpatrick 
de Kock 
Kozowa 
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Observa- Observa- 
Observer Vars. tions Observer ars. _ tions 

Loreta 114 312 Seely 
McLeod 8 8 Sill 
Meek 21 80 Smith, F. P. 
Millard 13 21 Smith, F. W. 
Murphy 10 Smith, L. 
Peck 70 Strelitzer 
Peltier 185 Treadwell 
Rademacher 9 Watson 
Rosebrugh 22 Webb 
de Roy 39 Woods 
Ryder 2 —_——_ 
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Notes from Amateurs 


The New Haven Amateur Astronomical Society 


The New Haven Amateur Astronomical Society at its regular meeting on 
February 12 had its largest attendance to date, there being forty-two present. 

Interesting reports showing intense activity by both the Telescope Making and 
Meteor Observing Groups were given. Mr. Anyjeski, chairman of the latter 
group, has just been appointed Regional Director of Southern New England in 
charge of all meteor observing work. 

Mr. Franklin Gates, President of the Yale Rocket Group, addressed the Soci- 
ety on “Astronautics, A New Science” and said in part that research in astro- 
nautics, the science of rockets leading to our present knowledge of handling liquid 
fuel rockets, started in Germany in 1929. 

In July of that year a rocket motor was designed by Professor Oberth that 
burned for about 90 seconds, delivering a constant thrust of 15 pounds and con- 
suming during this time 13.2 pounds of liquid oxygen and 2.2 pounds of gasoline. 

Research continued in Germany to determine the best shape for combustion 
chambers, the most satisfactory fuel feed systems, proper place to inject the ex- 
plosive fuels into the motor and to find the metals and alloys that could stand the 
extreme temperatures in these motors. 

In the United States, experimental programs have been carried out by several 
societies and by Professor Goddard of Clark University who recently succeeded in 
sending an 85 pound rocket, gyroscopically controlled for vertical ascent to a 
height of 7500 feet at a maximum speed of 700 miles per hour. (May 31, 1935.) 

Many of these tests are now made upon proning stands to hold the rocket 
motors securely to the ground. Delicate gaging mechanisms furnish data on fuel 
flow, fuel tank and combustion chamber pressures, and jet reaction. From these 
figures the rocketor can calculate the thermal efficiency of his motor, the percent 
of fuel energy used, exhaust velocity of hot gases, and the theoretical height to 
which the rocket would have traveled, all without permitting the rocket to actually 
rise from the stand. 

The absolute ceiling of airplanes powered with gasoline engines is reached 
when the density of the air is insufficient to permit the propeller to get enough 
“bite” to pull the plane along at a speed which will give the wings any further lift- 
ing power. By the method of rocket propulsion which would at first supplement 
and then supplant the gasoline motors as higher altitudes were reached and greater 
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speeds achieved, the ultimate height to which the plane could travel would be limit- 
ed only by the amount and power of the rocket fuel carried. 

Rockets have already been used for carrying mail between several small moun- 
tain towns in Austria and although the distance covered was not great the service 
has been satisfactory and will be continued and expanded in the near future, 

The energy required to propel one pound of weight beyond the gravitational 
attraction of the earth has been calculated to be 21,000,000 foot pounds. The most 
powerful fuels now available for practical rocket experimentation yield only 
5,500,000 foot pounds of energy per pound of fuel. This discouraging fuel situa- 
tion has been termed by many as the one outstanding obstacle in the path of rocket 
development. 

Astronautics is a young science and as such it has unknown possibilities. 

Mr. Gates was called upon to answer many questions raised by his address and 


willingly answered them all. F. R. BurNHAM, Secretary. 





Communications and Comments 


Under this heading we shall publish from time to time such material as does 
not properly fall under any of the established headings of this journal. Here, too, 
may be found, when occasion arises, articles which the editors may not be willing 
to give sanction to but which, nevertheless, may be provocative of thought along 
new lines. 


Editor of PopuLar ASTRONOMY, 
Dear Sir: 

At a recent meeting of the American Astronomical Society, as well as else- 
where, a number of persons have asked me for information concerning the so- 
called “planetarium” at the Museum of Natural History in Springfield, Massachu- 
setts. Certain articles describing this installation have been rather misleading, and 
some misconceptions have arisen. These should be corrected. 

In early November, soon after its opening, I visited Springfield to inspect the 
apparatus. I was received very courteously by Mr. Frank Korkosz, designer and 
builder of the instrument, and other officials. As a result, I came away with 
great respect for the work being done at the Museum. The star projector, and the 
aquarium, which Mr. Korkosz also designed and built, testify to his mechanical 
skill. Several other exhibits, including a life-sized group of three Indians, in 
which he modeled the figures, show that he has great artistic ability as well. 

The star projector is used in a dome of plaster, 42 feet in diameter. There is 
some echo, but because of the small size it is not so objectionable as it would be 
in the larger domes, 65 feet or more, of the Zeiss planetaria. Fundamentally, the 
Korkosz projector is the same as the “star ball” of the original Zeiss planetarium, 
used at Munich beginning in 1924. That is, it has an electric lamp in the center of 
the globe, and a number of optical systems receiving light radiating from the lamp. 
Each optical system consists of the requisite condensing and projecting lenses, a 
slide of the star field (consisting of thin metal perforated” with a hole for each 
star) and a shutter to cover the lens when it points below the horizon. 

Like the Munich projector, it can be rotated around two axes, one to simulate 
the diurnal motion, the other that due to precession. It can also be rotated around 
a horizontal, east-west, axis, to show the effect of change of latitude, from the 
North Pole to about 40°. This is not possible with the Munich Instrument, but 
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the later model of the Zeiss planetarium, as employed in all other installations ex- 
cept that at The Hague, has a latitude variation movement, with which it is possi- 
ble to go entirely around the world, either to North or South. The improved 
model also differs from the first in many other respects. 

The Zeiss instrument uses sliding contacts to supply electrical current to the 
moving parts, and so does Mr. Korkosz, as far as the daily and precessional mo- 
tions are concerned. But to allow motion in latitude he uses flexible cables which 
are automatically wound or unwound in the base. This is simpler, though it does 
limit the range of latitude. Another improvement that he has introduced is to 
show typically colored stars, such as Antares and Aldebaran, in their proper hues. 

The Korkosz projector shows only the stars. Due to the fact that they are all 
projected from a single globe, which is supported and driven from the southern 
part, there is a large blank area around the south celestial pole, in which no stars 
are shown. With the two globes of the improved Zeiss instrument, the entire celes- 
tial sphere is shown. Among other features projected by the Zeiss planetarium 
and its attachments which he has thus far omitted are: The Sun, the Moon and 
its changing phases, the planets, the Milky Way, a comet, meteors, variable stars, 
the Gegenschein, the Zodiacal Light, the Ecliptic, the Equator, the Meridian, the 
celestial poles, the precessional path of the celestial pole, the mean Sun, eclipses, 
constellation names and figures. Mr. Korkosz has stated that some of these will 
be added later. Until this is done, however, it seems that the name “planetarium,” 
applied to his device, is a misnomer. According to Webster’s dictionary, a planet- 
arium is “a model or representation of the planetary system.” A name such as 
“stellarium” might be more appropriate. 

The Zeiss Planetarium is fully covered by two United States patents. The 
first is 1,616,736, issued to Walther Bauersfeld on February 8, 1927, and covering 
the first model. The second, 1,693,969, was issued December 4, 1928, to Walter 
Villiger and Walther Bauersfeld, and covers the improved model. 

If the officials of any institution are considering building or purchasing a simi- 
lar projector, they would do well to secure legal advice to insure that they will 
not be liable to prosecution for infringement of these patents. There is a very 
prevalent idea that one does not infringe by building a patented device solely for 
his own use, where it is not sold, nor is admission charged for its inspection. This 
is entirely false. Unauthorized construction, sale or use of a patented article con- 
stitutes infringement, and renders one liable for the legal consequences. 

JAMES STOKLEY. 

The Franklin Institute of the State of Pennsylvania, 

Philadelphia, Pennsylvania, January 20, 1938. 





General Notes 


Dr. Harlan T. Stetson of the Massachusetts Institute of Technology deliv- 
ered the John Arthur Lecture at the National Museum in Washington on Febru- 
ary 24. The subject of the lecture was “The Sun and the Atmosphere.” 





Dr. William Hammond Wright, director of the Lick Observatory, has been 
awarded the Gold Medal of the Royal Astronomical Society (London) for his 
studies of the spectra of gaseous nebulae and of novae and for his work on the 
photography of planets in light of different colors. 
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Leon Barritt, Founder and Editor of the Monthly Evening Sky Map, died 
February 1, 1938, at the age of 86. 





The Jackson-Gwilt Medals and Gifts of the Royal Astronomical Society 
have been awarded to Mr. P. M. Ryves for his observations of variable stars and 
other astronomical work, and to Mr. F. J. Hargreaves for his contributions to 
astronomy. 





The Lalande Prize of the Paris Academy of Sciences was awarded to Michel 
Giacobini, for his work on stellar astronomy and comets; the Benjamin Valz 
Prize, to Maurice Burgaud for his work on terrestrial magnetism in China; the 
G. de Pontecoulant Prize, to Henri Roure for his work on planetary perturbations, 
(Nature, January 22, 1938.) 





Description of a Stellar Encounter 


The above is the heading of a section of a paper by A. C. Gifford, entitled 
“The Origin of the Solar System,” published in Scientia for January, 1938. The 
description of the manner in which the solar system might have been generated is 
so clear and vivid that we are reprinting a few paragraphs here for the benefit of 
those of our readers who may not have access to the periodical mentioned. 

“Looking far back into the past, we may picture two stars, widely separated 
from one another, which happen to have the same velocity, or some infinitesimal 
motion of approach. The stars may be of any size and any density, but, to make 
the picture more definite, let us suppose that one is exactly like our sun, and that 
the other, though of the same size, has only one quarter of its density. Gradually 
their mutual attraction draws them towards one another, until, after a million mil- 
lion years, they are as near to one another as Alpha Centauri is to the sun. They 
are then approaching one another at twenty miles per hour, the lighter star mov- 
ing four times as fast as the other. Seven million years later the distance between 
them is equal to that of Neptune from the sun, and the speed of approach has 
risen to three miles per second. Events then happen quickly. In eight years they 
are only a single astronomical unit apart, and are rushing towards one another at 
sixteen miles per second. Less than a fortnight later, they are as near to one an- 
other as Mercury is to the sun, and only four days remain before the clash. In 
that brief time the relative speed increases from 26 to 303 miles per second, and the 
tides on each star reach an astounding height. The stars try to whirl round one 
another in hyperbolic paths which differ imperceptibly from parabolas. If the cen- 
ters come to within one radius apart, the speed of the lighter star rises to 344, and 
that of the other to 86 miles per second. 

“During the hundred minutes in which each passes from one end of the latus- 
rectum of its orbit to the other, the outer tide on each sweeps over half the cir- 
cumference. During the most critical half hour the tide on the lighter star has a 
speed, relative to the common center of gravity, exceeding 570, and that on the 
heavier exceeding 312 miles per second. 

“Owing to some previous adventure, each star, like everything we know, is 
rotating before this encounter, about an axis quite independent of the plane of 
revolution of the pair. 

“During the encounter the stars endeavor to change places, with the result 
that the greater part of both is whirled into a single mass, the axis of which is at 
rest, whilst the speed of rotation of the remainder increases outward. The outer 
tides, and all the matter that is not involved in the clash, pass on, leaving the scene 
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of the encounter in orbits of rather high eccentricity which all lie close to the 
plane of mutual approach. The energy of these fragments is not appreciably di- 
minished by the collision, and they fly off with such speeds that some of them are 
lost to the system forever. 

“Large masses with comparatively high speeds are flung from the lighter star, 
denser and smaller ones with lower speeds leave the heavier one. All, as they roll 
along the surface before breaking away acquire a new rotation which is combined 
with any that each mass previously possessed. The central mass, heated to a high 
temperature by the collision is soon surrounded by a vast whirling atmosphere, 
through which the nuclei of the future planets, and all the other fragments, have 
to plough their way. At the moment of escape, the tidal force, especially on the 
larger masses, is tremendous, and portions are torn off to become the nuclei of 
satellites. Since these have the rotation of the planetary nuclei before their separ- 
ation, they continue to revolve each around its parent mass in the direction of that 
rotation. The portions that come from the tip of the tide, especially on the lighter 
star, will be affected most by the original rotation and least by the friction which 
acts on the tidal wave. The inclinations of the outer planets should therefore in- 
crease with the distance to which they are flung from the incipient sun. 

“Collisions, especially numerous at first, must occur between masses on the 
outward journey and others then returning. Each collision reduces the radial mo- 
tion without affecting that at right angles to it. The eccentricity of the orbits is 
thus reduced. The nebulous atmosphere around the newly formed sun also plays 
its part, especially near perihelion.” 





Book Reviews 





The Nature of Variable Stars, by Paul W. Merrill. (pp. 134 +vii. The 
MacMillan Co., New York, 1938. $2.) 


To write a book dealing entirely with variable stars in such a way that it will 

appeal to a general reader who hardly knows what any kind of a star is might 
seem an almost impossible assignment, but it has been accomplished by Mount Wil- 
son’s steady Dr. Merrill. 
In the first chapter, some interesting definitions of a star are given (“a distant 
,’ “a mathematical point,” “a citizen of the universe,” “a red-hot vacuum”) 
and they are discussed briefly in a refreshingly matter-of-fact way. The reason 
for studying variable stars is given, for the benefit of those who must have a rea- 
son: “the changing conditions at their surfaces, accessible to observation, may 
supply clues to the underlying source of stellar energy.” 

A concise introduction to and classification of variable stars leads off in the 
second chapter. Two large divisions, Repeating Variables and Non-Repeating 
Variables, are further subdivided into Periodic and Non-Periodic, and New Stars 
and Miscellaneous, respectively. The various sub-heads then introduced are 
RR Lyrae Variables, Cepheid Variables, Long-Period Variables, and Eclipsing 
Variables, the last with the comment that they will not be discussed in this book. 

Chapter III is concerned with the discovery and cataloguing of variables, and 
Merrill begins, as usual, with Hipparchus and his supposed observation of a nova 
(although Pliny’s “eiusque motu” and other evidence has been often shown to in- 
dicate that this object was probably a comet, instead of a star). Interesting stories 
of the discoveries of a few, and convenient lists of the first 16 (to 1829) variables 
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and the first 56 long-period variables (before 1860) are followed by descriptions 
of catalogues and nomenclature. As early as 1881, Merrill points out, variables 
were being recognized as such by means of their spectra. 

Light curves are discussed in Capter IV. Five and a half pages are well spent 
in giving the reports of “Mr. William Herschel of Bath” on the behavior of Mira 
Ceti, culminating in a mean period assigned by him “of 331 days, 10 hours, 19 min- 
utes.” Magnitudes must be introduced here, but they are accompanied by parallel 
columns giving the relative intensities. Interesting graphical comparisons of ideal. 
ised light curves are presented. Frequency polygons of the periods of intrinsic 
variables and eclipsing binaries are plotted together, showing that the peaks in the 
former are real, inasmuch as the modal point for thé dynamical variables falls ina 
valley of the distribution of periods of the intrinsic variables. Detailed light curves 
of ten long-period variables (supplied by Leon Campbell) are shown, to exhibit the 
individual differences. These curves, along with some other material in the book, 
have previously appeared in PopuULAR ASTRONOMY. 

Color, spectra classification, and spectral distribution of energy are treated in 
the next chapter, with considerable emphasis on the long-period variable, and 
novae occupy all of Chapter VI, the gist of it being contained in the classic cable- 
gram of Hartmann: “Nova Problem gelést. Stern blaht sich auf, zerplatzt.” 
Merrill’s conclusion concerning Tycho’s nova is that it can not likely be consid- 
ered a super-nova. 

A chapter on motions gives opportunity to amplify a previous reference to the 
pulsation of Cepheids and to refer to the dubious similar phenomenon in the Mira 
variables. For the latter type, the increasing difference between emission and ab- 
sorption velocities, with increasing period, is pointed out, as well as the unexplained 
distribution of space velocities. Motions carry over into Chapter VIII, in the 
brief discussion of the arrangement and rotation of the galaxy. This is preceded, 
however, by a description and discussion of the Russell diagram and the frank ad- 
mission that today the phrase “stellar evolution” has no meaning to us. Summing 
up causes of variation, Merrill includes change of temperature, change of size, 
change in band absorption, and veiling, the last being considered possibly most im- 
portant as a mechanism for the S-type variables. 

For a careful general reader, an intermediate student, and certainly the teach- 
er, this will be an interesting and valuable book. The emphasis has been, as might 
have been expected, on the long-period variable, to an almost regrettable degree. 
Certainly more than the hint of the existence of the period-luminosity relation should 
have been included, in the brief paragraphs concerning the Cepheids; certainly the 
R Cor Bor, RV Tauri, U Geminorum, SS Cygni, and other related types of varia- 
tion deserve mention and at least brief illustration, especially inasmuch as Merrill's 
concluding sentence reads, “The present difficulties are so interesting that we might 
almost regret to see them solved . . .” With the pseudo-veiling explanation of 
R Cor Bor at present accepted, the omission is all the more remarkable. 

Briefly, then, what has been included is excellent reading; the addition of 
about fifty pages would have made it more completely representative of the title. 

The reviewer may be taking unfair advantage of Dr. Merrill if he picks out 
what he liked best in the book, but here it is: “The only way to learn about the 
interior [of a star] is by what Eddington has called an ‘analytical boring machine, 
which is supposed to bore mathematically into the interior and bring up a sample. 
The trouble is that the drill takes down some of the engineer’s ideas and hypo 
theses and these so color the material brought up that we are a bit uncertain as to 
its original properties. Technical journals are filled with elaborate papers on con- 
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ditions in the interiors of model gaseous spheres, but these discussions have, for 
the most part, the character of exercises in mathematical physics rather than astro- 
nomical investigations, and it is difficult to judge the degree of resemblance be- 
tween the models and actual stars. Differential equations are like servants in liv- 
ery: it is honorable to command them, but they are ‘yes’ men, loyally giving sup- 
port and amplification to the ideas entrusted to them by their master.” The risi- 
bilities of even Eddington, Milne, and Jeans (see Observatory for December, or 
any month, for that matter) should be tickled by that, for they are probably hon- 


est men. Roy K. MARSHALL. 





Stars, by Harriet Doan Prentiss. (Bruce Humphries, Inc., Boston, Mass. 
$2.50.) 

One might reasonably conclude that a volume bearing the above title would 
be an important addition to the literature on astronomy. However, in this instance, 
when one has mentioned the title and noted the symbols for the signs of the 
zodiac on the paper jacket and the conventional stars on the cover, he has done 
full justice to the astronomical ideas included in it. To this the writer of the book 
would agree, because the descriptive phrase “An Astrological Romance,” following 
the title, indicates definitely that the volume is not astronomical and scientific but 
astrological and romantic. 

The reviewer not being versed in astrological lore, is not qualified to evaluate 
the astrological content. It is his impression that the astrology involved is quite 
incidental and indefinite, and he feels that the salutary effects attributed to astrol- 
ogy might equally well be considered as flowing from the tenets of any one of a 
dozen other cults. As for the romance it is of the conventional variety found in 
many current works of fiction. Through most of the volume the story moves on a 
fairly even tenor, attaining a slight crescendo in the final pages in which the long 
lost, forgotten, and despised father of the heroine is vindicated and accorded a 
station befitting his regeneration and his beneficent accomplishments. 





Zero to Eighty, by E. F. Northrup. (Scientific Publishing Company, Prince- 
ton, New Jersey. Price $3.00.) 

This novel volume bears on its title page the explanatory sentences as fol- 
lows: “ZeERo To Eicuty, being my lifetime doings, reflections, and inventions also 
my journey around the moon, AKKAD PSEUDOMAN.” Further examination of the 
book reveals the fact that this “autobiography” is that of a scientist whose life 
extended over the eighty years from 1920 to 2000 A.D. Having been issued in 
1937, it is at once evident that imagination plays an important part in the contents. 
The reader, however, soon is impressed with the fact that it is not an irresponsible 
or undirected imagination. It is one that is guided and restrained by a mind which 
is thoroughly conversant with present day science. 

The volume of 284 pages is divided into thirty-five chapters and a Technical 
Supplement. In the Supplement are found more detailed and more rigorous dis- 
cussions of the technicalities involved in the presentation which could not be made 
a part of the story without interrupting the narrative too frequently. The author 
in a very entertaining way has woven enough romance into the account to make 
it vital. One chapter is devoted to a portrayal of the dastardly kidnapping of the 
young wife of Kad (Akkad Pseudoman) and the thrilling escape accomplished 
alone by the captive. This takes place in 1949. It is disheartening that such crime 
continues until that date, but it is encouraging to note that there is no marked im- 
provement in the technique of the criminals. 
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The climax is reached in planning and accomplishing a voyage to the moon 
and return in a projectile-ship. The enthusiasm for this critical undertaking js 
heightened by the fact that similar plans are being made in Russia. There being 
only one moon, it was necessary to make the most of getting there first! The 
writer and his friend were, therefore, not greatly surprised to encounter the Rus- 
sian ship in the vicinity of the moon. In fact they escaped collision with it by a 
mere fifty meters. The Russian ship was apparently drifting through space with- 
out any directing hand, the occupants, if there were any, presumably having lost 
their lives, possibly through the ship having been pierced by a meteor. 

Although the Americans surpassed the Russians in visiting the moon and re- 
turning to the earth, the Russians preceded all other peoples in constructing an 
underground village. This was an accomplished fact in Moscow in the 1960's. By 
going deeply enough the natural heat of the earth’s interior became available. 
Many other inconveniences of living on the earth’s surface were obviated. 

In this brief review only a few of the many novel ideas have been alluded to, 
Any one interested in the trend of invention and adventure in the next quarter or 
half century will find in this volume much that is informative and stimulating. 





The Autobiography of a Scientist. (Scientific Publishing Company, Prince- 
ton, New Jersey. Price $2.00.) 


The identity of the author of this book is not disclosed. The title page in- 
forms us that the volume consists of “the memoirs of Doctor Henry Manure, 
Professor of Archaeology, Palaeontology, and Egyptology, at Derbytown Univer- 
sity, as recorded by his amanuensis.” 

The contents are included in ten chapters (lectures), each of which bears an 
elaborate title and is introduced by a bit of verse suggesting the trend of thought 
in the chapter. There is a decided pseudo-academic atmosphere throughout the 
book. The author possesses a facile style and expresses his thoughts clearly. 
There is a vein of subtle humor throughout. The humor sometimes seems to bor- 
der on sarcasm. 

The reviewer must confess to some confusion of thought as to the author’s 
purpose. Consider the chapter describing the awarding of the prize for “squar- 
ing the circle.” It is merely stating what is generally known to say that this prob- 
lem has been proved impossible, under the restrictions usually placed upon it. Why 
then, should a prize be awarded in this day? Possibly if one knew the author, and 
knew what was in the back of his thought, the answer to this question might be 
obvious. Without that the reader must be left guessing. 

However, a reader who is so disposed may, indeed, find much entertainment 
and amusement in endeavoring to read between the lines and discover the, appar- 
ently, hidden meaning. 





Katalog und Ephemeriden Veranderlicher. Sterne fiir 1938, by H. Schnel- 
ler. (Ferd. Diimmlers Verlagsbuchhandlung, Berlin.) 


As in former years, this volume is issued and distributed by the University 
Observatory at Berlin-Babelsberg. Again we note an increase in size over the 
volume for 1937. The number of pages has increased from 217 to 240, and the 
number of variable stars listed has increased from 6968 to 7762. Of these, the 
author states in the introduction, 25 per cent are long-period, 4 per cent are of 
5 Cephei and ¢ Geminorum type, 10 per cent of the RR Lyrae type, 13 per cent are 
eclipsing variables, and 6 per cent are irregular in their variation. 
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The arrangement of the several tables is the same as in former volumes. It is 
such as to enable the investigator to locate a particular star in the catalogue very 
readily. It is a most excellent reference work for definite and succinct data re- 
lating to variables. 
Wilson College, Chambersburg, Pennsylvania. 





Publications Received.—The publishers of PopuLar Astronomy hereby ac- 
knowledge the receipt of the following named publications and express their great 
appreciation of the courtesy shown on the part of those who have sent them. 

Contributions from the Mount Wilson Observatory: 

No. 569. “Regional Study of Interstellar Sodium,” by Paul W. Merrill. 
No. 570. “Analysis of the Intensities of the Interstellar D Lines,” by O. C. Wil- 
son and Paul W. Merrill. 
“The Trapezium Cluster of the Orion Nebula,” by W. Baade and R. 
Minkowski. 
“Spectrophotometric Investigations of Some O- and B-Type Stars,” by 
W. Baade and R. Minkowski. 
“Regional Study of the Interstellar Calcium Lines,’ by Roscoe F. 
Sanford. 
“Spectrographic Orbits of Five Faint Variable Stars,” by Roscoe F. 
Sanford. 
“Intensities of the Infra-red Ca II Triplet in Stellar Spectra,” by O. C. 
Wilson and Paul W. Merrill. 
“Intensities and Displacements of Interstellar Lines,” by Paul.W. Mer- 
rill, Roscoe F, Sanford, O. C. Wilson, and Cora G. Burwell. 
“Photoelectric Magnitudes and Colors of Extragalactic Nebulae,” by 
Joel Stebbins and Albert E. Whitford. 





ODE 


Near Morn, 
Clinging determinedly to my resolve 
To stay asleep, defeated finally 
By the long shafts of Arcturus’ arriving 
Rays, I unclose reluctant eyes 
And gaze upon the night. 


How glorious 
Thou art, Arcturus! I greet thee as 
Forty years long gone thou wert. 


Benetnasch, Mizar, Alcor of 
The Dipper welcoming hands extend to thee 
In mystic heavenly confraternity. And 
A little farther ’cross the sky, sending 
Thee message sweet, the brightest candle of 
The Virgin is alight for thee! 


Miss Lutvu BARKER 


1223 Elmwood Avenue, Evanston, Illinois. 
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